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NOVEL BACTERIOCINS , TRANSPORT AND VECTOR SYSTEM 
AND METHOD OF USE THEREOF - 

5 

This application claims priority from US provisional 
application 60/026,257, filed 5 September 1996, incorporated 
herein by reference in full. 
Field of Invention: 
10 This invention relates to novel polypeptides, 

bacteriocins, immunity genes obtained from lactic acid bacteria 

and a method of use thereof. 

Background: 

With the current consumer demand for fresh (i.e., never 

15 frozen) foods, it is important that methods be developed for safe 
storage of these products especially for fresh meats which are 
manufactured locally but are marketed around the world. The 
lactic microflora (lactic acid bacteria) of vacuum packaged meats 
delays spoilage for weeks or months, as opposed to meats packaged 

20 under aerobic conditions which develop a putrefactive microflora 
that causes spoilage within days. 

Vacuum packaged meats have an extended but unpredictable 
storage life dependent on the types of lactics that dominate the 
microflora. Meat lactics can cause severe spoilage problems, such 

25 as sulphide odors or greening by some Lactobacillus species and 
gas or slime production by Leuconostoc species. Other lactics 
exert a preservative effect, extending storage life and enhancing 
meat safety by competitive growth, by producing organic acids, 
and by producing antagonistic substances known as bacteriocins 

30 (peptides or proteins that inhibit the growth of other, usually 
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closely related, bacteria) . 

Nisin is a bacteriocin produced by lactics used for 

/ " cheese manufacture, and is the only bacteriocin licensed for use 

as a food preservative. Nisin is unusual because it is active 
5 against a wide range of gram-positive bacteria, including the 
spores of Clostridium botulinum; unfortunately, its producer 
strain does not grow in chill-stored meats, and nisin does not 
function in meat systems. 

Class II bacteriocins are characterized as small, heat 

10 stable, hydrophobic peptides with a high isoelectric point. They 
are produced as precursors with an N-terminal extension of 18 to 
2 4 amino acids. This extension is cleaved at the Oterminus side 
of two glycine residues to give the mature bacteriocin. Sequence 
alignment of the N-termini revealed a remarkable degree of 

15 similarity in their hydropathic profiles (Fremaux et al. 1993). 

The nucleotide sequences of the structural genes for 
several class II bacteriocins have been published, including 
pediocin PA-l/AcH (Bukhtiyarova et al. 1994, Marugg et al. 1992}, 
sakacin A and P (Hoick et al. 1989, Tichaczek et al. 1994), 

20 lactacin F (Fremaux et al. 1993, Muriana and Klaenhammer 1991) , 
leucocin A (Hastings et al. 1991), lactococcins A, B, and M (Holo 
et al. 1991; Stoddard et al. 1992; van Belkum et al. 1991; van 
Belkum et al, 1992), plantaricin A (Diep et al. 1994) and carno- 
bacteriocins A, BM1, and B2 (Quadri et al. 1994; Worobo et al. 

25 1994) . However, the additional genes necessary for bacteriocin 
production have only been determined for the lactococcins and 
pediocin PA-l/AcH and, in the case of the some of the 
lactococcins, the gene for immunity has also been confirmed. The 
genetic characterization of the lactococcin and pediocin gene 

30 clusters indicates that they have similar features. They both 
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have genes for bacteriocin production in an operon structure, 
although the structural and immunity genes for the lactococcins 
can be transcribed independent of the other genes in the operon. 
Furthermore, one of the genes in each of the lactococcin and 
5 pediocin operons encodes a protein which belongs to the HlyB- 
family of ATP-binding cassette (ABC) transporters (Higgins 1992) . 
This protein is thought to be involved in the signal sequence- 
independent secretion of the bacteriocins . Recently, genes 
encoding proteins which resemble members of a two-component 
10 signal transduction system have been identified which are 
involved in the expression of plantaricin A and sakacin A 
(Axelsson et al. 1993; Diep et al. 1994). 

Summary of the Invention 

15 One aspect of the invention is a new bacteriocin, 

brochocin-C: peptide A (SEQ ID NO:23), peptide B (SEQ ID NO:25) 
and its corresponding immunity peptide (SEQ ID NO:27). Another 
aspect of the invention is a polynucleotide encoding the 
brochocin-C operon (SEQ ID NO:21), peptide A (SEQ ID NO:22), 

20 peptide B (SEQ ID NO:24), or immunity (SEQ ID NO:26). 

Another aspect of the invention is a polynucleotide 
encoding a new bacteriocin enterocin 900 (SEQ ID NO: 28), a 
polynucleotide encoding the first enterocin 900 peptide (SEQ ID 
NO:29), and the enterocin 900 peptide (SEQ ID NO:30). 

25 Another aspect of the invention is a method for 

inhibiting pathogenic bacteria by providing a bacteriocin 
selected from the group consisting of brochocin-C and enterocin 
900, either as a composition or by providing a bacterial source 
of brochocin-C or enterocin 900. For example, one may inhibit 

30 spoilage bacteria in foodstuffs, such as meat, inhibit pathogenic 
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bacteria topically on animals, including humans, and inhibit 
bacteria infection of fermentation reactors. 

/ Another aspect of the invention is an expression vector 
for obtaining secretion of proteins from lactics, comprising a 
5 promoter functional in the lactic host, a polynucleotide encoding 
a divergicin signal peptide (SEQ ID NO: 19), and a structural 
gene. Another aspect of the invention is the vector which 
comprises a plurality of structural genes, each operably linked 
to a polynucleotide encoding a divergicin signal peptide. 
10 Another aspect of the invention is a method to attach 

bacteriocin structural and immunity genes to a signal peptide or 
leader peptide gene so that the bacteriocins can be exported from 
the host cell. 

Another aspect of the invention is a novel food-grade 
15 plasmid that can be used as a plasmid vector for genes including, 
but not limited to, bacteriocins, other polypeptides,, enzymes or 
proteins in organisms for use in food products or as a probiotic. 

Another aspect of the invention is a method to preserve 
food by adding bacteriocin-producing bacteria. 

20 

Brief Description of Figures: 

Figure 1. Deferred inhibition tests against C. piscicola 
LV17C (A) and C. divergens LV13 (B) by divergin A and 
carnobacteriocin B2. l.C. piscicola LV17C containing pMG36e; 2.C. 
25 piscicola LV17C containing pRW19e; 3. C. piscicola LV17C 
containing pJKM14. 

Figure 2. Schematic representation of the 12.3kb Hindi I I 
insert of pMJ4 and its subclones. Partial restriction maps of 
some of the inserts are shown. Not all of the Hpall restriction 
30 sites on the insert of pMJ6 are indicated. The positions and 
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direction of transcription of IcaA. IcaB. IcaC. IcaD. and IcaE on 
the insert of 'pMJ6 are shown. The asterisks on pMJ20 and pMJ26 
indicate frameshift mutations of IcaB and lcaE f respectively. 
Figure 3. Deferred inhibition of leucocin A 
5 transformants with C. piscicola LV17C as the indictor strain (A) 
and lactococcin A transformants with L. lactis IL1403 as the 
indicator strain (B) ♦ (A) a. L . gelidum UAL1877-22; b. L. lactis 
IL1403; c. L. gelidum UAL187-13; d. L. lactis IL1403 (pMJ6) ; e. 
L. gelidum UAL187013 (pMJ6) . APT was used as solid medium. (B) 

10 a, L. gelidum UAL187-22 )pMB553); b. L. gelidum UAL 187-13 
(pMB553); c. L. gelidum UAL137-22; d. L. geldum UAL187-13. 
Glucose-M17 was used as solid medium. 

Figure 4. Schematic representation of the two-step PCR 
strategy to replace the signal peptide of divergicin A with the 

15 double-glycine type leader peptides of leucocin A, lactococcin A 
or colicin V. In the first PCR step, the leucocin A (A and B) or 
lactococcin A (A) gene was used as a template to obtain a 
megaprimer containing the leucocin A (A) , the lactococcin A (A) , 
or the colicin V leader peptide (B) . These megaprimers were used 

20 to amplify the divergicin structural and immunity gene in a 

second PCR step. Divergicin A without a leader or signal peptide 
was constructed by first amplifying the region upstream of the 
leucocin A gene (C) and using the resulting PCR product to 
amplify the diverigicin gene in the second PCR step. Further 

25 information is detailed in the text. Abbreviations: L.P.: DNA 
encoding the double-type glycine leader peptides; BAC: DNA 
encoding the mature part of leucocin A or lactococcin A; S.P.: 
DNA encoding the signal peptide of divergicin A; DIV: DNA 
encoding the mature part of divergicin A; I MM: immunity gene for 

30 divergicin A; S: SacI restriction site; H: Hindlll restriction 
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site. 

Figure 5. Antagonistic activity of L. gelidum 187-22 
(A), L.lactis IL1403 (pMBSOO) (B) , and E.coli MC4100 (pHK22) (C) 
transformed with pLEDl (a), pLAD6 (b) , pCODl (c) or pMG36e (d) . 
5 In panel (B) also antagonistic activity of L.lactis IL1403 
transformed with pLAD6 (e) . C. divergent UAL278 was used as 
indicator strain. 

Figure 6. Detection of antagonistic activity by 
divergicin A fused to the lactococcin A leader peptide in a 
10 tricine-SDS-polyacrylamide gel. C. divergens UAL278 was used as 
the indicator strain by the overlay test. Lane 1: supernatant of 
^ L. gelidum 187-22 carrying pLEDl. Lanes 2,3 and 4: lysates of 
£8 E.coli BL21{DE3) containing plasmids pHK22 and pTLAl, pTLAl , 
l L | pTLAl , or pT713 and pHK22, respectively. Abbreviations: M: 
^; 15 mature divergicin A; P: divergicin A precursor containing the 
y lactococcin A leader peptide. 

J;^ Figure 7. Colicin V production in L . lactis . Deferred 

11 IE? 

Cn inhibition test by L.lactis IL1403 (pMBSOO) transformed with (a) 
I j pLECl or (b) pMG36e using E.coli DH5a as the indicator strain. 
(,'3 20 Figure 8. Two restriction site maps plasmid pCD3.4. The 

location of the Divergicin structural and immunity genes are 
marked in B as dvnA and dviA respectively. 

Figure 9. Bacteriocin activity and growth of 
Lactobacillus sake 1218 in mixed culture with variants of 
25 Leuconostoc gelidum at 25°C in mAPT with 0.1% glucose and the 

initial pH adjusted to 5,6. (a) Bacteriocin activity in arbitrary 
units (AU) per milliliter of supernatant for mixed cultures of L. 
sake 1218 and L. gelidum UAL187 (A) and mixed cultures of L. 
sake 1218 and L. gelidum UAL187-22 (•) . (b) Growth of L. sake 
30 1218 with L. gelidum UAL187(A), L. gelidum UAL187-22 (O) , and 
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Leuc. gelidum UAL187-13 (□) . 

Figure 10. Bacteriocin activity and growth of 
Lactobacillus sake 1218 in mixed culture with variants of 
Leuconostoc gelidum at 2°C in mAPT with 0.1% glucose and the 
5 initial pH adjusted to 5.6. See Figure 9 for definitions of 
symbols . 

Figure 11. Log 10 CFU of variants of L. gelidum grown in 
mixed culture with L. sake 1218 per square centimeter of vacuum- 
packaged beef stored at 2°C, (A), L. gelidum UAL187; (□) , U AL- 
IO 187-13; (O) , UAL187-22. The data represent the means of three 
trials . 

Figure 12. Log 10 CFU of X. sake 1218 showing growth and 
survival in mixed culture with variants of L. gelidum per square 
li centimeter of vacuum-packaged beef stored at 2°C. (•) , X. sake 
"tl5 1218 alone; (A), L. sake with X. gelidum UAL187; (□) , X . sake 
with UAL187-13; (O) , L. sake with UAL187-22. The solid arrow 
indicates the sampling time at which a sulfide odor was first 
detected in samples inoculated with X. saJce 1218; the open arrow 
t 3 indicates the sampling time at which a sulfide odor was first 
U 20 detected in samples inoculated with X. sake 1218 and X. gelidum 
UAL187-13 or UAL187-22. The data represent the means of three 
trials . 

Figure 13. The method of use of this invention is 
illustrated by the following schematics. The signal peptide gene 

25 or leader peptide gene{s) is illustrated as vertical or 

horizontal hatching. As schematic A indicates, a signal or 
leader peptide is attached to a bacteriocin gene devoid of its 
natural leader peptide or signal peptide gene. A plasmid can 
contain a single bacteriocin with its immunity gene. The spacing 

30 between the structural gene and the immunity gene is not 
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important and the immunity gene does not necessarily have to 
follow the structural gene providing the immunity gene is also 
expressed and prevents the bacteriocin from killing its host. As 
schematic B illustrates a plasmid can contain more than one copy 
5 of a bacteriocin or more than one type of bacteriocin. The vector 
can contain many bacteriocins . In scheme B, the leader or signal 
peptide genes can be different or the same providing that leader 
peptide or signal peptide is compatible with the transport system 
in the cell. If the transport system is not compatible with the 

10 leader then a transport system can also be introduced into the 
vector or plasmid (C) or (D) . For multiple bacteriocins or 
proteins each structural gene needs to be attached to a leader or 
signal peptide. 

Figure 14. Examples of other leader or signal peptides 

15 that could be used in this invention and names of other 

bacteriocins that could utilize these signal peptides or other 
signal or leader peptides included herein. The best host for a 
vector containing a bacteriocin gene with a leader or signal 
peptide gene attached is the organism from which the leader 

20 peptide was derived but other closely related organisms 

frequently also work with particular leader peptides. Additional 
information about these bacteriocins and leader peptides can be 
obtained from Quadri and associates (1994) or references therein. 
Comparisons of the sequence similarities is also provides. The 

25 vertical arrow indicates the cleavage site in the 
prebacteriocins . 

Abbreviations 

The abbreviations in the nucleotide sequences are 
30 cytidine (c) ; adenosine (a); thymidine (t) ; guanosine (g) ; and in 



-8- 



PATENT 
Atty Docket 07254/051001 

amino acid sequences alanine (A) ; arginine (R) ; asparagine (N) ; 
aspartic acid' (D) ; cysteine (C) ; glutamine (Q) ; glutamic acid 
(E) ; glycine (G) ; histidine (H) ; isoleucine (I); leucine (L) ; 
lysine (K) ; methionine (M) ; phenylalanine (F) ; proline (P) ; 
5 serine (S) ; threonine (T) ; tryptophan (W) ; tyrosine (Y) and 
valine (V) . 

Other abbreviations used include: carnobacteriocin 26 
(cbn 26); carnobacteriocin A (cbnA) ; carnobacteriocin B (cbnB) ; 
Leucocin A (Leu A) ; Brochocin-C (Broch C) 

10 

Detailed Description 



Definitions 

The term "gene" used herein refers to a DNA sequence 

15 including but not limited to a DNA sequence that can be 

transcribed into mRNA which can be translated into polypeptide 
chains, transcribed into rRNA or tRNA or serve as recognition 
sites for enzymes and other proteins involved in DNA replication, 
transcription and regulation. These genes include, but are not 

20 limited to, structural genes, immunity genes and secretory 
(transport) genes . 

The term "vector" used herein refers to any DNA material 
capable of transferring genetic material into a host organism. 
The vector may be linear or circular in topology and includes but 

25 is not limited to plasmids, food grade plasmids, DNA 
bacteriophages or DNA viruses. The vector may include 
amplification genes, enhancers or selection markers and may or 
may not be integrated into the genome of the host organism. The 
term "secretion vector" refers to a vector designed to provide 

30 secretion of a protein from the host organism. 
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The term "plasmid vector" herein refers to a vector that 
has been genetically modified to insert one or more genes. 

The term "signal peptide" herein refers to a N-terminal 
amino acid sequence which, when attached to a target polypeptide, 
5 permits the export of the target polypeptide from the cell and 
cleavage of the signal peptide. The signal peptide accesses the 
general protein secretion pathway. An example of a signal 
peptide is the Divergicin A signal peptide described in amino 
acid SEQ ID NO: 7. Other signal peptides can be used and are 
10 known to those skilled in the art. See SEQ ID NO: 9, SEQ ID 
NO: 11, and SEQ ID NO: 13. 

Id 

,5 The term "leader peptide" herein refers to a N-terminal 

];)f amino acid sequence which, when attached to a target polypeptide, 
ly permits the export of the target polypeptide from the cell and 
' ! j!l5 cleavage of the leader peptide. The leader peptides include but 

SiBS! 

|J are not limited to a sequence of 15-24 amino acids that are able 

^ to be direct export of polypeptides from the cell using the 

tfi cell's dedicated transport system. The leader peptide sequences 

\*k shares similarity on their primary structure and contain a 

P 20 conserved processing site of glycine-glycine residues or glycine- 

alanine residues at positions -2 and -1 of the processing site. 

The dedicated transport system includes but is not limited to the 

ATP binding cassette (ABC) transporter required for leader 

peptide-dependent transport. There are many different leader 
25 peptides that could be used including, but not limited to, 

leucocin A, Colicin V, carnobacteriocin A, carnobacteriocin B2, 

enterocin 900 or carnobacteriocin BM1 . 

A "processing peptide" includes both leader peptides and 

signal peptides, and may refer to both simultaneously, as used 
30 herein. 
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The term "cassette" herein refers to a DNA sequence 
containing a series of bacteriocin genes and if necessary their 
respective immunity genes, appropriate promoters , ribosomal 
binding site (RBS) and terminating sequences and if necessary 
5 other regulatory DNA sequences. The cassette consists of two or 
more nucleotide sequences encoding a structural (bacteriocin or 
other substrate) gene linked directly to an N-terminal signal 
peptide DNA sequence compatible for export through the cell's 
general export pathway or linked to the leader peptide DNA 
10 sequence compatible for export through the dedicated transport 
system of the cell or through a compatible dedicated transport 

P 

Q system also inserted into a vector used to transform the cell, 
jji? The term "food-grade" herein refers to the origin of the 

W DNA material. Food-grade indicates that a regulatory agency 
"tl5 would consider the substance as coming from a "food" source and 
UJ therefore suitable for inclusion in food or food products. 

Organisms that are food-grade, such as lactic acid bacteria and 
^ other established genera of starter organisms, can be added 
ijjj directly to food without concern for pathogenicity. 
M20 The term "bacteriocin" herein refers to polypeptides and 

proteins that inhibit one or more bacterial species. This 
includes, but is not limited to, polypeptides or proteins that 
were derived from specific strains of bacteria, proteins that 
were derived from other types of organisms or proteins developed 
25 through genetic engineering. The bacteriocin can be 
bacteriostatic or bactericidal. 

The term "class II bacteriocin" herein refers to a 
bacteriocin which includes but is not limited to small or 
moderate sized polypeptides. This includes but is not limited to 
30 heat resistant polypeptides and heat sensitive polypeptides that 
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do not undergo post-translational modification except for 
cleavage of the leader or signal peptide and in some cases 
formation of disulfide bridges. This protein must have suitable 
size and properties so that it can be exported from a cell. 
5 Class II bacteriocins include, without limitation, 

carnobacteriocin UAL26, leucocin A, brochocin-C, enterocin 900, 
divergicin A, carnobacteriocins A and B2. 

The term "class II protein" herein refers to a small 
protein or polypeptide which does not undergo post-translational 
10 modification except for cleavage of the leader or signal peptide 
I, j and in some cases the formation of disulfide bridges. This 
SjJ protein must be a suitable size and physico-chemical properties 
CG so that it can be exported from a cell. Many such proteins or 
1^ polypeptides are known. One of ordinary skill in the art can 
15 determine which proteins would be suitable without undue 

experimentation. These proteins include, but are not limited to, 
j;* enzymes, inhibitors that are polypeptides or other regulatory 
M, polypeptides or proteins. 

H The term "immunity gene" herein refers to a gene that 

M> 20 produces a protein that protects the host organism against the 
bacteriocin that it produces. 

The term "host organism" herein refers to a living 
bacterium or microorganism capable of taking up the plasmid 
vector, expressing the genes and producing the desired 
25 peptide (s). If the secretion of the desired polypeptide is 
required, the host organism must have functional transport 
proteins compatible with the signal or leader peptide attached to 
the polypeptide to be exported or it must be able to incorporate 
the dedicated transport protein (s) necessary for the leader 
30 peptide-dependent export of the substrate generated from vector 
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DNA. Host organism capable of utilizing the divergicin A signal 
peptide use the general secretory (sec-) pathway of the cell (for 
additional information see Pugsley (1993) and Simonen and Palva 
(1993) and references therein) . 
5 The term "transport proteins" herein refers to proteins 

that are in most cases are incorporated into the cell membrane of 
the host organism and facilitate the export of protein (s) with a 
signal or leader peptide specific for the transport protein to 
the outside of the organism. Additional regulatory components, 
10 binding sites or enzymes may also be required for the functioning 
of the transporter. The ABC transporter of a specific protease 
q can cleave the signal or leader peptide. 

The term "homologous transporter system" indicates that 
|ij the transport system and the leader peptide or signal peptide 

a 

t | 

''35 used to export polypeptides arise from the same host. 
IJ The term "heterologous transporter system" indicates that 

I** the transport system and the leader peptide or signal peptide 
P used to export polypeptides arise from the different hosts. 
j*i Divergicin A, for example of a signal peptide that can be used in 
O20 heterologous transport systems. Homologous transporter systems 
can used in homologous or heterologous bacteria if the transport 
system is introduced into the host organism. 

The term "meat" herein refers to muscle and fat tissue 
obtained from animal, fish, fowl or seafood including, without 
25 limitation, poultry, cattle, swine, sheep, deer, moose, fish and 
shellfish. The meat can be accompanied by bones, skin or 
internal organs. Meat can include other additives including but 
not limited to fillers, dyes, preservatives, natural or 
artificial flavoring. Meat can be raw, cooked, frozen, cured or 
30 canned. The meat would normally but not necessarily be packaged 
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under vacuum or in a modified atmosphere containing elevated 
levels of carbon dioxide, i.e. vacuum or modified atmosphere 

(MAP) . / 

The term "susceptible bacteria"' refers to a species or 

5 strain of bacteria that is inhibited by the presence of one or 
more bacteriocins in its environment. Preferred susceptible 
bacteria are inhibited by brochin-C and/or enterocin 900. 

The term "antibody" refers to antisera, monoclonal 
antibodies, antibody fragments, single chain antibodies and other 

10 functional equivalents capable of binding a bacteriocin of the 
invention. Preferred antibodies of the invention are capable of 
binding specifically to a bacteriocin of the invention without 
significant cross-reactivity with other bacteriocins. Antibodies 
of the invention are prepared by conjugating the polypeptide to a 

15 suitable carrier, such as keyhole limpet hemocyanin, and 

immunizing a suitable mammal (for example, mouse, rat, horse, 
goat, rabbit, and the like) . It is preferred to employ an 
adjuvant to obtain an enhanced immune response. After time is 
permitted for antibodies to develop, they may be fractionated 

20 from blood. If desired, monoclonal antibodies may be prepared by 
generating hybridomas from splenocytes obtained from the 
immunized animal. Similarly, one may sequence antibodies and 
determine the sequence of the specific binding domain, for 
preparation of single-chain antibodies and the like. 

25 The term "mutein" as used herein refers to a conservative 

variation of a bacteriocin of the invention. In general, a 
mutein will have an amino acid sequence that differs from the 
native sequence by 1-4 amino acid residues (including insertions 
and deletions) . Muteins are easily prepared using modern cloning 

30 techniques, or may be synthesized by solid state methods. All 
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muteins must exhibit bacteriocinogenic activity of at least a 
substantial fraction of the native sequence bacteriocin 1 s 
activity (although not necessarily against the same susceptible 
bacteria) , and may be tested using the methods described below. 

5 

General Methods 

We have studied the fundamental characteristics and 
genetics of bacteriocin production and applied aspects of 
bacteriocins in meats. We have studied eight new bacteriocins 
10 from meat lactics which show promising antagonistic activity. We 
have also developed "bacteriocin cassettes" (a series of DNA 
q fragments encoding two or more bacteriocins) that would be 
j!» equivalent to or better than nisin. The ability to do this is 
W limited by fragment size at present due to difficulties of 

j.y 

315 cloning large fragments of DNA, 

^ By using the tools and techniques described herein, we 

□ have developed a system whereby one can select a range of 
^ bacteriocins against target bacteria, using the producer 
Q bacterium to deliver the antagonistic effect. This is applicable 
20 anywhere that lactic acid bacteria can grow without harming the 
environment to which they are added. 

An important area of application for this innovative 
technique is in the preservation of meats and meat products. 
This advance will allow production of vacuum packaged meats and 
25 meat products with a predictable and longer storage life. 

The carnobacteriocins disclosed herein are genetically 
complex and involve as much as 10 kb of DNA for their production. 
In contrast, leucocin A, produced by Leuconostoc gelidum, 
involves 4.5 kb of DNA. Leucocin-producing L . gelidum stops the 
30 spoilage of meat by sulf ide-producing Lactobacillus sake; it 
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inhibits the growth of pathogenic Listeria monocytogenes; and, 
when added to commercially produced ground beef, extends the 
color and odor storage life of retail ground ipeef. 

Bacteriocins are synthesized in the cells as prepeptides 
5 consisting of a leader component of 15 to 24 amino acids that is 
cleaved to release the mature bacteriocin. In addition to this 
structural protein, bacteriocins like leucocin A require an 
immunity protein for protection of the cell from its own 
bacteriocin and two dedicated secretion proteins for export of 
10 the bacteriocin from the cell. 
4!a% Most bacteriocins have dedicated bacteriocin secretion 

tils? 

■ ;: 3 systems and if their genes are incorporated into another host 

organism they usually can not secrete the polypeptide or can only 
ii'y secrete the polypeptides to a lesser extent. Using the methods 
:i( ;:15 described herein an expanded antibacterial spectrum can be 

achieved by producing multiple bacteriocins in one bacterium such 

ii: 

p that the bacteriocins can be secreted. 

J'7 We have also identified an important bacteriocin, 

U divergicin A, produced by the meat lactic Carnobacterium 
! ; f20 divergens . The production of divergicin involves only 0*5 kb of 
DNA, because the leader peptide of divergicin accesses the 
general pathway for protein export from the cell. By fusing the 
structural and immunity genes of other bacteriocins behind the 
signal peptide of gene sequence of divergicin A, we have achieved 
25 production of bacteriocin (s) by host and heterologous bacteria- 
Utilizing the cell's secretory mechanism means that the dedicated 
secretory proteins of other bacteriocins do not need to be 
included in the bacteriocin cassette and leucocin A and other 
bacteriocins can be produced with only 0.5 kb of DNA each instead 
30 of 4.5 kb of DNA. This is an important breakthrough for the 
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success of the bacteriocin cassette strategy. 

We have also been able to produce and export a variety of 
/ bacteriocins or other proteins by placing their respective gene 

sequence (s) behind the divergicin signal peptide sequence in a 
5 plasmid and inside meat lactic organisms. This protocol has been 
tested and demonstrated to work using Divergicin A signal peptide 
as a leader to several polypeptides including but not limited to 
Carnobacteriocin B2, colicin V, Leucocin A, Brochocin-C and 
alkaline phosphatase. 
10 Carnobacteriocin B2 is a well characterized class II 

bacteriocin produced by a 61-kb plasmid from Carnobacterium 
Q piscicola LV17. Export of this bacteriocin depends on a specific 
m ABC (ATP-binding cassette) secretion protein. Divergicin A is a 
y* strongly hydrophobic, narrow spectrum bacteriocin produced by a 
c i;15 3.4-kb plasmid from C. divergens LV13 with a signal peptide that 
1:!J utilizes the general secretory pathway for export (Worobo et al., 

Sir 

□ 1995) . Fusion of the carnobacteriocin B2 structural gene (devoid 
of its natural leader peptide) behind the signal peptide of 

U divergicin A permitted production and export of active 

PI 

l"7 20 carnobacteriocin B2 in the absence of its specific secretion 

genes. The immunity gene for carnobacteriocin B2 was included 
immediately downstream of the structural gene. Correct 
processing of the prebacteriocin occurred following the Ala-Ser- 
Ala cleavage site of the signal peptide. Carnobacteriocin B2 was 

25 produced by the wild type strain of C. divergens LV13 and in C. 
piscicola LV17C, the nonbacteriocinogenic plasmidless variant of 
the original carnobacteriocin B2 producer strain and other 
heterologous hosts. Both of the host strains are sensitive to 
carnobacteriocin B2 and they both acquired immunity when they 

30 were transformed with this construct 
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An alternative approach to the use of signal peptide 
Divergicin A was also tested. Many nonlantibiotic bacteriocins 
of lactic acid bacteria are produced as precursors ;with a N- 
terminal leader peptide that share similarities in amino acid 
5 sequence and contain a conserved processing site of two glycine 
residues in positions -1 and -2 of the cleavage site. A 
dedicated ATP-binding cassette (ABC) transporter is responsible 
for the proteolytic cleavage of the leader peptides and 
subsequent translocation of the bacteriocins across the 
10 cytoplasmic membrane. To investigate the role that these leader 
n peptides play in the recognition of the precursor by the ABC 
■>3 translocators, the leader peptides of leucocin A, lactococcin A 
ih or colicin V were fused to divergicin A, a bacteriocin from 

; ! *f Carnobacterium divergens that is secreted via the cell's general 

i'4 

„S15 secretion pathway. Production of divergicin was monitored when 
w these fusion constructs were introduced into Leuconostoc gelidum, 
O Lactococcus lactis and Escherichia coli that carry the secretion 
il apparatus for leucocin A, lactococcins and colicin V, 
*>5 respectively. The different leader peptides directed the 
|f 20 production of divergicin in the homologous hosts. In some cases 
production of divergicin was also observed when the leader 
peptides were used in heterologous hosts. 

For ABC transporter-dependent secretion in j?. coli, the 
outer membrane protein TolC was required: this is not found in 
25 lactic acid bacteria. Using the leader peptide strategy, colicin 
V was produced in L. lactis by fusing this bacteriocin behind the 
leader peptide of leucocin A. By fusing colicin V, which is 
normally produced by the Gram-negative bacterium E. coli, behind 
the Leucocin A leader peptide and inserting the plasmid into 
30 lactic acid bacteria, we have been able to get lactic acid 
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bacteria to produce and export active colicin V. Similarly, by 
fusing other bacteriocins behind the leucocin leader, we have 
used the leucocin leader to direct the secretion of other 
bacteriocins by the leader's dedicated transport system. This is 
5 an important accomplishment because it enables the use of 

bacteriocins of Gram-negative origin in lactics (Gram-positive 
bacteria) or other Gram-positive organisms. For example, this 
enables the design of Food-Grade organisms to target Gram- 
negative pathogens such as Salmonella and E. coll. or for the 
10 design of organisms with specific fairly narrow or broad spectra 
of antibacterial activity. 

The small amount of genetic material required using 
either the leader peptide or the signal peptide approach for 
independent bacteriocin expression permits the addition of 
, ; :;:15 multiple bacteriocins into the vector. 

Chill stored, vacuum packaged beef inoculated with 
O sulf ide-producing Lactobacillus sake strain 1218 developed a 
j ! 7 distinct sulfurous odor within three weeks of storage at 2°C, at 
O which time the bacteria had reached maximum numbers of 10 6 CFU 

F '1 0 

I'T 20 cm . Co-inoculation of the meat with the wild type, bacterio- 

cinogenic (Bac + ) strain of Leuconostoc gelidum UAL187 delayed the 
spoilage by Lb. sake 1218 for up to 8 weeks of storage. Co- 
inoculation of meat samples with an isogenic, slow growing Bac + 
variant UAL187-22 or with the Bac" variant UAL187-13 did not 

25 delay the onset of spoilage by Lb. sake 1218. The study showed 
that spoilage of chill stored, vacuum packaged beef by a 
susceptible target organism could be dramatically delayed by the 
Bac"** wild type strain of Leuc. gelidum UAL187. Inoculation with 
Lb. sake 1218 can be used as a model system to determine the 

30 efficacy of biopreservation of vacuum packaged meats (Leisner et 
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al., 1996). Using the methods described herein, other 
bacteriocins and a food-grade vector, the breadth of 
antibacterial activity can be increased and the temperature range 
of protection broadened for this and other food applications. 
5 The use of the methods described herein will enable the 

meat industry to reliably predict the storage life of vacuum 
packaged fresh meats. 

This -same technology can be applied for preservation of 
animal feeds such as silage; as animal and human probiotics; as a 
10 control for Salmonella in poultry intestines; and for human 
therapy against infections of mucosal tissue where lactics are 
U acceptable microflora. 

j!jS We have identified bacteriocins with a spectrum of 

W antagonistic activity against both Gram-negative and Gram- 

i.ii 

."»15 positive organisms. Described herein is a method to prepare and 
^ use gene cassettes with a broad spectrum of antagonistic 
p activity. Using methods described herein a plasmid containing a 
}''/ cassette of genes containing two or more bacteriocin genes can be 
*;3 constructed and transformed into a host organism, resulting in 
M20 export of the bacteriocins from the cell. The leader peptide can 
be specific for the dedicated secretion system (s) of the host 
organism or a common signal peptide suitable for a broader 
spectrum of host organisms (i.e. Divergicin A signal peptide) . 

Using these strategies, the antibacterial spectrum of the 
25 producer strain can be tailored to target a range of spoilage or 
pathogenic bacteria, including E. coli and Salmonella . Producer 
strains that grow in the target environment can be selected and 
specific bacteria can be targeted. Broad range bacteriocins that 
have been identified and characterized will be used as well as 
30 other bacteriocins that target specific organisms. 
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This invention refers to the tailoring of specific lactic 
acid bacteria 'that grow in hospitable environments, including 
human /food, animal feed, the mouth r the gastrointestinal tract of 
humans and animals, and the female genital tract. Using the 
5 technology of multiple bacteriocin production and delivery using 
lactic acid bacteria, a range of bacteriocins will be produced by 
the bacteria in situ. The principle of multiple bacteriocin 
production is based on using signal sequence of divergicin A 
produced by Carnobacterium divergens LV13 or leader peptides from 
10 other bacteria and fusing structural components of bacteriocin 
l;3 genes and their immunity genes behind the signal peptide or 
^3 leader peptide. The bacteriocins that can be exported include, 
jj:g but are not limited to, several from lactic acid (or closely 

related) bacteria and colicin V from Escherichia coli. 
s; H5 This invention includes, but is not limited to the 

following: 

P A method to export bacteriocins from cells using 

m 

Divergicin A as the signal peptide sequence. This method 

O involves fusing the signal peptide sequence of divergicin A 

O 

y : 20 produced by Carnobacterium divergens LV13 to the structural 
component of a bacteriocin gene devoid of its leader peptide 
followed for most bacteriocins by a region containing its 
immunity gene, inserting this into a vector then transforming a 
host organism. For most bacteriocins, its immunity gene must 

25 also be included in the plasmid or vector but its does not have 
to be directly attached to either the structural protein or the 
signal peptide. 

A plasmid vector consisting of four DNA sequences 
operably linked together. The first sequence encodes a plasmid 

30 replication and maintenance sequence, the second DNA sequence 
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encodes a signal peptide or leader peptide sequence which is 
attached directly to a third DNA sequence which encodes the 
polypeptide sequence of a bacteriocin protein devoid of its 
leader sequence, the fourth sequence encodes the immunity gene 
5 specific for said bacteriocin protein. 

A method to prepare the plasmid vector described above 
and insert the vector into the host organism. The host organism 
possesses a transport pathway which utilizes the signal peptide 
encoded by the signal peptide sequence. 
10 A plasmid vector, pCD3 . 4 (SEQ ID NO:14), which is a food- 

□ grade plasmid and method of use thereof. 

j;3 A plasmid vector as described above wherein the signal 

Cg peptide sequence is SEQ ID NO: 7. 

A plasmid vector as described above wherein the 
S .S15 bacteriocin and immunity gene are class II bacteriocin. 

A plasmid vector consisting of three DNA sequences 
O operably linked together. The first sequence encodes a plasmid 
L replication and maintenance sequence, the second DNA sequence 
*<3 encodes a signal peptide or leader peptide sequence which is 
jp=20 attached directly to a third DNA sequence which encodes the 

polypeptide sequence of a Class Type II protein or polypeptide 
devoid of its leader sequence. 

An insertion vector as described above wherein the third 
DNA sequence encodes an enzyme, 
25 A plasmid vector containing at least five DNA sequences 

operably linked together. The first sequence encodes a plasmid 
replication and maintenance sequence, the second DNA sequence 
encodes a signal peptide which is attached directly to a third 
DNA sequence which encodes the polypeptide sequence of a 
30 bacteriocin protein, the fourth sequence encodes the immunity 
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gene specific for said bacteriocin protein and the fifth sequence 
encodes a polypeptide sequence for a transport protein system 
compatible with the signal peptide. 

A method as described above wherein the plasmid contains 
5 more than one bacteriocin. 

A plasmid vector as described above wherein the sequence 
encoding for the transporter system is the Leucocin A transporter 
system and the leader is from Leucocin A. 

The signal peptide or leader peptide for the methods 
10 described above can be selected from leucocin A, lactococcin A f 
P divergicin A, colicin V or other sequences described herein or 
H an Y other dedicated secretion proteins that are compatible with 
CQ the host organism. 

A novel plasmid pCD3.4 (SEQ ID NO: 14) for transforming 
^15 food grade bacteria. 

r ~ A method to preserve beef by adding Leuconostoc gelidum 

O UAL18 7. 

u B A method of preserving meat using food grade bacterium 

genetically modified with an plasmid vector containing one or 

D 

IU 20 more bacteriocins . 

A method wherein plasmid vector is pCD3.4 (SEQ ID NO: 14) 
is used as a vector. 

A method for using food grade bacterium for the 
protection or preservation of food. 
25 A method for using food grade bacterium transfected with 

a vector containing one or more bacterium for the protection or 
preservation of food. 

A method for treating bacterial infections in animals or 
humans using food grade bacterium containing a naturally 
30 occurring bacteriocin. 
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A method for treating bacteria infections in animals or 
humans using food grade bacterium which has been genetically 
modified as described herein using one or more bacteriocins . 

A method for treating bacteria infections in animals or 
5 humans using a food grade bacterium which has been genetically 
modified as described herein. 

A method to inhibit the growth of gram-negative and/or 
gram positive bacteria using one or more bacteriocins. 

A method to inhibit the growth of gram-negative and/or 
10 gram-positive bacteria using a genetically modified host 
p organism, 

Q Brochocin-C bacteriocin genes and methods of use thereof. 

m Enterocin 900 bacteriocin genes and methods of use 

if 'sir 

thereof, 

,,215 A method to export class II polypeptides using a leader 

peptxde sequence. 

i\ 

Q A method to export class II polypeptides using a signal 

JV peptide sequence. 

KS Novel bacteriocins and leader peptides and a method of 

i'T 20 use thereof. 

Method of using Leucocin A transporter genes. 

A food-grade plasmid and method of use thereof. 

A method to increase the shelf life of meat. 

A method to test organisms for preservation of meat, 
25 dairy products or other food products. 

A method to purify certain bacteriocins. 

A method to export bacteriocins using a leader peptide 
sequence. 

A method to export other polypeptides using a leader 
30 peptide sequence. 
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A method to introduce immunity to particular bacteriocins 
into host organisms. 
Examples / 

The following examples are provided as a guide for those 
5 of skill in the art, and are not to be construed as limiting the 
claimed invention in any way. 



if'??; 



Example 1 

(Bacteriocins, Sources, methods of propagation) 
10 Table 1 describes many different bacterial strains and 

I plasmids, the bacteriocins they contain and references which 

provide additional information about the bacterocin or bacterial 
j;g strain. For information on the best method to grow a particular 

if ; 2 

organism refer to the appropriate reference or reference therein. 

,515 

ill 

Example 2 

(Use of Signal Peptide to direct the secretion of substrates) 
Example using Divergicin A signal peptide and 
Carnobacteriocin B2 as substrate: 

J, 

il 20 Bacterial strains and media . Bacterial strains and plasmids used 
in this study are listed in Table 1. Carnobacteria were grown in 
APT broth (Difco Laboratories, Detroit, Mich.) at 25°C without 
agitation. E. coli was grown in Luria Bertani (LB) medium at 
37 °C on a rotary shaker. Agar plates were made by addition of 

25 1.5% (wt/vol) agar to broth media. Antibiotics were added as 
selective agents when appropriate, as follows: erythromycin 200 
jag/ml and ampicillin 100 ]ig/ml for E. coli and erythromycin 10 
pg/ml for carnobacteria. Stock cultures of the bacterial strains 
were stored at ~70°C in the appropriate broth containing 20% 

30 (vol/vol) glycerol. 
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Oligonucleotide primer synthesis and amolif ication reactions : In 
the 3 1 region of the nucleotide sequence encoding the signal 
peptide of divergicin A there is a Hindlll restriction site 
located 10 nucleotides upstream of the sequence encoding mature 
5 divergicin A (Worobo et al, 1995) . A 35-mer oligonucleotide 
designed to facilitate an in-frame fusion between the signal 
peptide of divergicin A and the structural gene of 
carnobacteriocin B2 was synthesized on a DNA synthesizer (Applied 
Biosystems 391 PCR Mate) for use as a PCR primer (JMc7; 5 ! - 
10 CCCAAGCTTCTGCTGTAAATTATGGTAATGGTGTT-3 1 ) (SEQ ID NO: 40). The first 
□ 9 nucleotides of JMc7 regenerate the Hindi I I restriction 
*;jf endonuclease cleavage site followed by nucleotides encoding the 
iQ carboxy-terminus of the divergicin A signal peptide. The last 21 

nucleotides of the primer are complementary to the 5 T sequence 
sf3l5 corresponding to the N-terminal sequence of the carnobacteriocin 

i.j 

B2 structural gene (cbnB2) immediately following the Gly-Gly 

O cleavage site of the leader peptide. The reverse primer for the 

IF! 

jV PGR amplification (ImmR) was based on the 3 1 nucleotide sequence 
of the immunity gene for carnobacteriocin B2 (cbiB2) and contains 

1^20 an overhang of 9 nucleotides to accommodate an Xbal restriction 

endonuclease site (Pugsley, 1993) . DNA was amplified in a 100 yil 
reaction using a temperature cycler (OmniGene, InterSciences 
Inc.; Markham, Ont,). PCR mixtures contained 1.0 \iM of each 
primer, 200 pM of dNTPs 7 5 mM MgCl2, 2.5 units of Tli DNA 
25 polymerase (Promega) and Ix reaction buffer (Promega) . pLQ24 was 
used as template DNA for the reaction (Pugsley, 1993) . DNA was 
amplified with 36 cycles (denaturation, 93°C f 1 min; annealing, 
48°C, 1 min; extension, 75°C, 2 min) followed by a final 
extension step at 75°C for 5 min. 
30 DNA isolation, manipulation and sequence determination : Isolation 
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of plasmid DNA from E. coli and carnobacteria was done using the 
methods described by Sambrook et al, 1989, and Worobo et al, 
1994. Miniprep plasmid extractions for B. coli MH1 included a 
phenol-chloroform step which was necessary for restriction 
5 endonuclease analysis. Standard methods were used for 

restriction enzyme digestion, ligations, gel electrophoresis and 
E. coli transformation (Sambrook et al, 1989) . Transformation of 
carnobacteria was done as described by Worobo and associates 
(1995) . DNA was sequenced by Taq DyeDeoxy Cycle sequencing 
10 (Applied Biosystems 373A) . Sequences were determined 
^ bidirectionally in pUC118 using universal primers. 

\ 3 Production of and immunity to diverqicin A and carnobacteriocin 

1)9 

fig B2: Carnobacteria transformed with either pRW19e or pJKMl4 were 

t"i tested for bacreriocin production using the deferred antagonism 

r,Zl5 assay as described by Ahn and Stiles (1990) and references 

hj 

therein. Strains containing pMG36e were used as negative 
p controls. Immunity to divergicin A and carnobacteriocin B2 was 
|7 determined with the transf ormants as indicators in deferred 

Q inhibition assays. To confirm that the zones of inhibition were 

m 

1^2 20 caused by a proteinaceous compound, they were inactivated by 

spotting Pronase E (1 mg ml-1; Sigma) prior to overlayering with 
the sensitive indicator strain. 

Purification and N-terminal sequencing of carnobacteriocin B2 : 
Partial purification of carnobacteriocin B2 was done with a 1% 

25 inoculum of an overnight culture of C. divergens LV13 containing 
pJKM14 grown in 2 liters of APT broth for 21 h maintained at pH 
6,2 with a pH stat (Chem-Cadet; Cole Palmer). The culture was 
heated (70 °C, 35 min) and cells were removed by centrifugation. 
Supernatant was loaded onto an Amberlite XAD-8 column (4 x 40 cm; 

30 BDH Chemicals, Poole, England) equilibrated with 0.05% trifluoro- 
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acetic acid (TFA) . The column was washed successively with 3 
liters of 10, 35 and 40% ethanol. C. divergens LV13 containing 
pJKM14 produces carnobacteriocin B2 and divergicin A, hence C, 
divergens LV13 was used as the sensitive indicator strain to 
5 eliminate inhibition zones produced by divergicin A, The active 
fraction was eluted with 3 liters of 50% ethanol. This fraction 
was concentrated by rotary evaporation to approximately 50 ml, 
and 10 ml was applied to a Sephadex G-50 column (2.5 x 120 cm, 
Pharmacia) with a running buffer of 0.05% TFA. Contents of tubes 
10 with inhibitory activity were collected, pooled and concentrated 
^ by rotary evaporation to 1 ml. Various amounts of partially 
O purified carnobacteriocin B2 were subjected to sodium dodecyi 
^ sulf ate-polyacrylamide gel electrophoresis (SDS-PAGE) and blotted 
\£ onto polyvinylidene difluoride membrane (Bio-Rad) . A duplicate 

IhJ 

st «15 polyacrylamide gel was washed twice with 1 liter of water and the 

gel was placed onto an APT plate and overlayered with soft APT 

P agar inoculated with 1% of C. divergens LV13. The band 

! ;5 ; corresponding to inhibitory activity was excised from the 

ij membrane and used for N-terminal sequencing by Edman degradation 

J f f 20 as described by Worobo et al. (Worobo et al, 1995). 

Construction of plasmids pRW19e and pJKM14. The bacteriocino- 
genic plasmids pRW19e and pJKMl4 were constructed for use in this 
study. Both plasmids are derivatives of the lactococcal 

25 expression vector pMG36e (Van de Guchte et al, 1989) and 

transcription of the bacteriocin genes is under control of the 
P32 promoter for construction of pRW19e, a 514-bp EcoRV-AccI 
fragment of pCD3.4 (SEQ ID NO: 14) containing both the structural 
and immunity genes for divergicin A (Worobo et al, 1995) was 

30 cloned into the Smal and AccI sites of pMG36e. When C.piscicola 
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LV17C was transformed with pRW19e the inhibitory spectrum matched 
that of C. divergens LV13 (Table 5) . Zones of inhibition were 
inactivated by pronase E. C. piscicola LV17C with pRW19e also 
acquired immunity to divergicin A (Table 5) . For construction of 
5 pJKM14, a 528-bp fragment was amplified by PCR from pLQ24 using 
the primers JMc7 and ImmR. This fragment was cloned into 
theHindlll and Xjbal sites of pUC118 to create the plasmid pJKM05 
and sequenced in both directions to confirm the fidelity of the 
reaction. An internal £coRl site located in the 5' region of 
10 cbiB2 was utilized to generate two subclones for completion of 

p the overlapping sequence. No errors were detected in the 

nucleotide sequence compared with nucleotide sequence of the 

l;Q structural and immunity genes for carnobacteriocin B2 (Quadri et 
al, 1994) . The 528-bp fragment was excised from pJKMOS using 

«il5 Hindi I I and Kpnl and cloned into these sites in pRW19e, replacing 

the divergicin A structural and immunity genes. The SacI-EcoRl 
O fragment from pJKM14 containing the fusion between the divergicin 

"v. ! ' « 

Ijl A signal peptide and the carnobacteriocin B2 structural gene was 

W cloned into pUC118 and sequenced to confirm that the correct 

20 reading frame was maintained. 

Production of and immunity to divergicin A and carnobacteriocin 

B2. Production of divergicin A and carnobacteriocin B2 was 
detected by deferred antagonism assay against sensitive indicator 

25 strains. C. piscicola LV17C and C. divergens LV13 were 

transformed with the plasmids pMG36e, pRW19e and pJKM14 to 
compare differences in bacteriocin production with the divergicin 
A signal peptide. Results of deferred inhibition tests are shown 
in Figure 1 and Table 5. C. divergens Lvl3 is more sensitive to 

30 carnobacteriocin B2 than C. piscicola LV17C shown by the large 
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inhibitory zone in Figure IB. Zones of inhibition for wild type 
strains and strains containing pMG36e were identical. When C. 
piscicola LV17C was transformed with pRW19e, divergicin A was 
produced as indicated by inhibition of strains sensitive to 
5 divergicin A. No activity was detected against C. divergens 
LV13. The wild type carnobacteriocin B2 producer C. piscicola 
LV17B produces at least two bacteriocins (Quadri et al, 1994) 
making comparison between the inhibitory spectra of C. piscicola 
LV17B and C. piscicola LV17C containing pJKM14 difficult to 
10 interpret. To confirm the identity of the inhibitory substance 
Q produced by C . divergens LV13 containing pJKM14, the bacteriocins 
rS were purified and N-terminal amino acid sequence of the probable 
l'^ carnobacteriocin B2 peak was determined and shown to be Val-Asn- 
IkS Tyr-Gly-Asn-Gly-Val . This sequence matches the mature sequence 
f ; f[ of carnobacteriocin B2 indicating that the inhibitory substance 

w was in fact carnobacteriocin B2 r and that proper processing of 

p 

f'S the bacteriocin occurred following the Ala-Ser-Ala processing 
site of the divergicin a signal peptide (SEQ ID NO:l). The 

fi nucleotide and amino acid sequence of the divergicin A signal 
5"£0 peptide is shown fused to the structural gene of carnobacteriocin 
B2 devoid of its natural leader peptide (see SEQ ID NO: 34 for 
full details of the carnobacterium B2 genes and sequences) , The 
sequence for the mature carnobacteriocin B2, locations of the 
forward primer (JMc7) used for PCR and the Hindi I I restriction 

25 site are indicated. Furthermore, production of carnobacteriocin 
B2 from pJKM14 was also accomplished in the two meat isolates C. 
divergens AJ and C. piscicola UAL26, and in Lactococcus lactis 
subsp. lactis IL14Q3, Using this strategy production of Leucocin 
A, Brochocin-C and Colicin V was achieved. 

30 There are a large number of plasmids that could be used 
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in place of the plasmids described herein. One of ordinary skill 
in the art can identify other suitable plasmids and insert the 
various combinations of other gene/ sequences described herein 
into one of these plasmids without undue experimentation. 

5 

Using a signal peptide aene to export alkaline phosphatase from 
the host : Using the procedure described herein and the 
Divergicin A signal peptide gene attached to alkaline phosphatase 
structural gene, the inventors were able to export active 
10 alkaline phosphatase from the host organism, E. coli. 
^ For amplification of the DNA encoding the mature part of alkaline 
!;3 phosphatase, primers KLR 179 (5 ' -GCGCAAGCTTCTGCTCGGACACCAGAAATG- 
m CCTGTT-3 1 ) (SEQ ID NO: 41) and KLR 180 (5 T -GGCCAAGCTTGCCATTAAGTCT- 
H GGTTGCTA-3 ' ) (SEQ ID NO:42) were used with the E. coli C 4 F, 
s .35 (Torriani, 1968) alkaline phosphatase gene as a template. 
^ Cloning of alkaline phosphatase was essentially as described in 

if 

p example 2 for Carnobacteriocin B2 and Worobo et al, 1995. 

i 1 r-i: 
l'i 3 

51 Sift 

w Assay for alkaline phosphatase : Cells from 1.5 ml of an 
(..720 overnight culture grown in LB broth were centrifuged (9000 x g, 5 
min, 25°C) and washed in an equal volume of STE (50mM NaCl, 10 mM 
Tris pH 8.0, 1 mM EDTA pH 8.0). The culture media and 
periplasmic fractions were assayed for alkaline phosphatase. 
Periplasmic fractions were prepared by resuspending the washed 
25 cells in 0.5 ml of 20% sucrose with 50 pi of 0.5 M EDTA and 25 pi 
of lysozyme (10 mg/ml) and incubating at room temperature for 15 
min. The samples were centrifuged (9000 x g, 5 min, 25 C C) and 
the supernatant was assayed for alkaline phosphatase activity 
(Torriani, 1968) by absorbance at 405 nm. 

30 
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Example 3 

Use of Leader peptides to direct secretion of 
/ substrates via dedicated transport system 

Bacterial strains and media . C. divergens LV13 (Worobo et al., 
5 1995), C. divergens UAL278 (McCormick et al., unpublished), L . 
gelidum 187-13 and L . gelidum 187-22 (Hastings and Stiles, 1991), 
and Pediococcus pentosaceus FBB63C (Graham and McKay, 1985) were 
grown in APT broth (All Purpose Tween; Difco Laboratories Inc.) 
at 25°C and 30°C, respectively. L. lactis IL1403 (Chopin et al., 
10 1984) and L. lactis IL1403 (pMBSOO) (van Belkum et al., 1989) were 
}i grown in giucose~M17 broth (Terzaghi and Sandine, 1975) at 30°C. 
£3 E. coli strains MH1 (Casadaban and Cohen, 1980), DH5a (BRL Life 
M Technologies Inc.), BL21 (DE3) (Studier and Moffat, 1986), MC4100 
bi (Casadaban, 1976), and ZK796 (Wandersman and Delepelaire, 1990) 
l" ( jl5 were grown in TY broth at 37°C (Rottlander and Trautner, 1970). 

Solid plating media were prepared by adding 1.2% (wt/vol) agar to 

o 

(S the broth media. C. divergens UAL27 8 cells propagated on agar 
"* ! ^ medium were incubated under anaerobic gas mixture of 90% N2 and 
fi 10% C02. E. coli strains transformed with the colicin V encoding 
^20 plasmid pHK22 (Gilson et al., 1987) were grown in media that 
contained 0.2mM 2 , 2 1 -dipyridyl to increase expression of the 
colicin V operons. When appropriate, antibiotics were added to 
the media at the following final concentrations: erythromycin 
(200 (g/ml), ampicillin (150 (g/ml), tetracycline (15 (g/ml) and 
25 chloramphenicol (25 (g/ml) for E. coli; erythromycin (5 (g/ml) 
for L. lactis, C* divergens and L. gelidum; and kanamycin (50 
(g/ml) for L. lactis. 



Bacteriocin assay. Bacteriocin production was tested as 
30 described previously (van Belkum and Stiles, 1995) . To detect 
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divergicin A production, a strain of C. divergens UAL27 8 that is 
resistant to leucocin A was used as an indicator. This resistant 
strain was isolated by exposing it to a sublethal concentration 
of leucocin A, C. divergens LV13, L. lactis IL1403, P. 
5 pentosaceus FBB63C and E. coli DH5a were used as indicator 

strains for leucocin A, lactococcin A, pediocin PA-1 and colicin 
V, respectively. In some cases, bacteriocin activity was also 
tested by spotting serial dilutions of the growth medium onto an 
indicator lawn. 

10 Purification and N-terminal sequencing of diveraicin A . To 
£3 purify divergicin A from transf ormants of L. gelidum 187-22, a 1% 
jj'S inoculum of an overnight culture was grown in APT broth, which 

KO was maintained at pH 5.5 using a pH stat (Chem-Cadet; Cole 

W 

[j Palmer) . After 18 h, the culture was heated at 70°C for 35 min 
: : "15 and centrifuged for 10 min to remove the cells. The supernatant 
$ was loaded onto an Amberlite XAD-8 column (4 cm x 40 cm; BDH 
J;? Chemicals) equilibrated with 0.05% trif luoroacetic acid (TFA). 
H The column was washed with equal volumes of 0.05% TFA, and 10%, 
«i 35%, and 45% ethanol in 0.05% TFA. The active fraction of 
,U 20 divergicin was eluted with 50% ethanol in 0.05% TFA and 

concentrated 10-fold by rotary evaporation. Samples of 10 ml were 
loaded onto a Sephadex G-50 column (2.5 cm x 120 cm; Pharmacia) 
that was equilibrated with 0.05% TFA. The active fraction was 
applied to a SDS-polyacrylamide (15%) gel for polyacrylamide gel 
25 electrophoresis (PAGE) . After electrophoresis, the gel was fixed 
in 50% methanol and 10% acetic acid for 30 min, washed twice for 
1 h with 1 liter of deionized water and overlayered on an APT 
plate with soft APT agar (0.7% wt/vol) inoculated with 1% of a C. 
divergens UAL278 culture to screen for divergicin activity. 
30 Another sample of the partially purified divergicin obtained from 
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the Sephadex G-50 column was subjected to SDS-PAGE and 
-electroblotted onto a polyvinylidene difluoride membrane (Bio- 
/ Rad) and the protein band corresponding to the inhibitory 
activity of the overlayer test was excised from the gel and used 
5 for N-terminal sequencing by Edman degradation, as previously 
described (Worobo et al., 1995). 



Molecular cloning. Cloning and DNA manipulations were performed 

as described by Sambrook et al. (1989), Plasmid DNA from E. coli 
10 was isolated as described by Birnboim and Doly (1979) . With some 

modifications (van Belkum and Stiles, 1995), the same method was 
tQ used to isolate plasmid DNA from L. gelidum and L. lactis. 
jTl Restriction endonucleases, Tli DNA polymerase, the Klenow 
U fragment of £. coli DNA polymerase I, and T4 DNA ligase were 
i7jl5 obtained from Promega, Bethesda Research Laboratories, Boehringer 

GmbH, or New England Biolabs, and used as recommended by the 
ij% suppliers. Competent E. coli cells were transformed as described 

by Mandel and Higa (1970) . Electrotransf ormations of L. lactis 
p and L. gelidum were done according to the methods of Holo and Nes 
''*20 (1989) and van Belkum and Stiles (1995), respectively. 

Construction of plasmids. A two-step PCR strategy (Figure 4) was 
used to obtain a fusion between the leucocin A leader peptide and 
divergicin A. DNA encoding the leucocin A leader peptide and a 

25 17 6-bp upstream region was amplified by PCR using plasmid pMJ3 
(van Belkum and Stiles, 1995) as a template and MB32 (5 1 -AATTCG- 
AGCTCGCCCAAATC-3' } (SEQ ID NO: 43) that is complementary to the 
upstream region, and MB37 (5 ' -TGAGTAATTTTCGGTGCAGCACCTCCTACGAC- 
TTGTTCGA-3 T ) (SEQ ID NO: 44) that is complementary to the leucocin 

30 A leader and divergicin A sequence, as primers. This PCR 



-34- 



PATENT 
Atty Docket 07254/051001 

fragment was subsequently used as a megaprimer to amplify the 
structural gene encoding divergicin A and a downstream region 
that includes the immunity gene for divergicin, with pCD3.4 (SEQ 
ID NO:14) (Worobo et al., 1995) as a template and RW58 (5 1 - 
5 TACGCGCAAGAACAGACAAAATC-3 ' ) (SEQ ID NO:45) as the reverse primer. 
Using the SacI restriction site of MB32 and a Hindi I I restriction 
site 390-bp downstream of the immunity gene the resulting PCR 
fragment was cloned into plasmid pMG36e (van de Guchte et al., 
1989), giving plasmid pLEDl. In a similar way, the sequence 
10 encoding the lactococcin A leader peptide and a 375-bp upstream 
|;3 region was fused to the gene encoding divergicin A, except that 
l! a in the first PCR step, plasmid pMB553 (van Belkum et al,, 1991a) 
CO was used as a template and MB38 (5 r -TGAGTAATTTTCGGTGCAGCTCCTCCG- 
l j TTAGCTTCTGAAA-3 } ) (SEQ ID NO: 46) that is complementary to the 
° : ^15 lactococcin A leader and divergicin A sequence, and MB39 (5'-TAC- 

GAATTCGAGCTCGCCC-3 1 ) (SEQ ID NO: 47) that is complementary to the 
J;f upstream region, were used as primers. The PCR product containing 
y, the resulting gene fusion was cloned into the SacI and Hindi 1 1 
1™ sites of pMG36e, giving plasmid pLAD6. Plasmid pCODl, that 
ji* 20 contains a gene fusion between the colicin V leader sequence and 
divergicin A, was constructed in an identical way to pLEDl, 
except that MB42 was used as a PCR primer instead of MB37. MB42 
( 5 1 -ATTTTCGGTGCAGCACCTCCAGAAACAGAATCTAATTCATTTAGAGTCAGAGTTCTCATA- 
ATAACTTTCCTCTTTT-3 1 ) (SEQ ID NO:48) is complementary to 
25 divergicin A, the entire colicin V leader sequence and a region 
immediately upstream of the leucocin A leader sequence. Plasmid 
pLDl was made in the same way as pLEDl, except that MB41 ( 5 1 -TGA- 
GTAATTTTCGGTGCAGCCATAATAACTTTCCTCTTTT-3 1 ) (SEQ ID NO: 49), a 
primer complementary to the region immediately upstream of the 
30 leucocin A leader sequence was used instead of MB37. In pLDl the 
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divergicin A is encoded without a leader peptide. To make a' 
fusion between the leucocin A leader peptide and colicin V, the 
leucocirf A leader sequence and the upstream region was amplified 
by PGR using pMJ3 as template and as primers MB32 and MB43 (5 1 - 
5 ATATCACGCCCTGAAGCACCTCCTACGACTTGTTCGA-3 1 ) (SEQ ID NO: 50) that is 
complementary to the leucocin A leader sequence and colicin V. 
The PGR product was then used as a megaprimer in a second PCR 
step using pHK22 (Gilson et al., 1987) as a template and MB44 
(5 f -AATTA.AGCTTGGATCCTTCTGTGTGGATTGTCCAAT-3 1 ) {SEQ ID NO:51) 
10 complementary to the downstream region of the structural colicin 
gene as the reverse primer. The resulting PCR fragment was 
(Q cleaved with HindXII, a restriction site that is located in the 
i' f * sequence of MB44, and Sad and cloned into pMG36e, giving plasmid 
W pLECl. All constructs were sequenced by the dideoxy-chain method 
l|u of Sanger et al. (1977). Plasmid pTLAl was constructed by cloning 
?i a 0.6 kb Sacl-Sspl fragment from pLAD6 that encodes the 
ffl divergicin A gene fused to the lactococcin A leader sequence into 
\T the multiple cloning site of plasmid pT713 (Tabor and Richardson, 
p 1935) . 

20 Overexpression of divergicin A precursor in E. coli bv T7 RNA 

polymerase . Cultures of E. coli BL21(DE3) were grown to OD600 of 
0.3 in TY broth supplemented with 0.2 mM 2 , 2 1 -dipyridyl , The 
cells were subsequently induced by the addition of IPTG at a 
final concentration of 0.4 mM. After 2 h of incubation the cells 

25 were harvested, washed and concentrated 100-fold in deionized 
water, and lysed by sonication at 4°C The lysate was applied to 
a tricine-SDS-polyacrylamide gel of 16% acrylamide (wt/vol) and 
0.5% (wt/vol) bisacrylamide as described by Schagger and von 
Jagow (1987). After electrophoresis, the gel was fixed for 30 min 

30 in 50% methanol and 10% acetic acid and washed twice with 1 liter 
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of deionized water for 1 h each. Antagonistic activity was 
detected by overlayering the gel on an APT agar plate with soft 
APT agar containing C. divergens UAL278 as the indicator strain. 
Diveraicin production in Leuconostoc aelidum and Lactococcus 
5 lactis using leader peptides from leucocin A and lactococcin A . 
Divergicin A is produced as a prepeptide that consists of a 
mature peptide of 46 amino acids and a classical N-terminal 
signal peptide of 29 amino acids (SEQ ID NO: 6). The signal 
peptide of divergicin A was replaced with the double-glycine type 
10 leader peptides from leucocin A (SEQ ID NO: 9) and lactococcin A 
fi (SEQ ID NO: 11) by a two-step polymerase chain reaction (PCR) 
It strategy as shown in Figure 4. The DNA encoding the leucocin A 
m leader peptide and a 176-bp upstream region was amplified by PCR. 
; ; "f The resulting PCR fragment was used as a megaprimer to amplify 
-215 the DNA encoding the mature peptide for divergicin and its 

immunity protein. The PCR product containing the gene fusion was 
t3 cloned into the vector pMG36e to give plasmid pLEDl. The gene 

fusion in pLEDl is under the control of the P32 promoter of 
U pMG36e that is functional in a variety of bacteria (van der 
1^20 Vossen et al., 1987). To determine whether the secretion 

apparatus for leucocin A can recognize this hybrid protein, 
remove the leader peptide and translocate divergicin A into the 
external medium, plasmid pLEDl was introduced into Leuconostoc 
gelidum UAL187-22. The genetic determinants for leucocin A and 
25 its transport proteins LcaC and LcaD are located on one of the 
two plasmids found in this organism (Hastings et al . , 1991; van 
Belkum and Stiles, 1995) . Carnobacterium divergens UAL278 was 
used as a sensitive indicator strain to monitor divergicin 
production. Because C. divergens UAL278 is sensitive to leucocin 
30 A, a strain of UAL278 that is resistant to leucocin A was 
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isolated by exposing C. divergens UAL278 to a sublethal 
concentration "of leucocin A. This strain was used in subsequent 
studies to detect divergicin production. Production of divergicin 
A using this fusion construct was also monitored in Lactococcus 
5 lactis IL1403 carrying plasmid pMBSOO. This plasmid contains 
genes for the lactococcin transport proteins LcnC and LcnD and 
the structural and immunity genes for lactococcins A and B (van 
Belkum et al. f 1989; Stoddard et ai., 1992). Lactococcins A and B 
are only active against lactococci and do not inhibit the growth 
10 of C. divergens . When L. gelidum UAL187-22 and L. lactis 
q IL1403 (pMBSOO) were transformed with pLEDl, production of 
!;;? divergicin A was observed (Figures. 8 and 9) . However , 
CO transferring pLEDl into L. gelidum 187-13, a derivative of 

UAL187-22 that has been cured of the leucocin plasmid (Hastings 
-515 and Stiles, 1991), or into 1. lactis IL1403, production of 

divergicin did not occur. 
O In a similar way, divergicin A was fused to the 

i*. lactococcin A leader peptide. DNA encoding the lactococcin A 

*;'f leader sequence and a 375-bp upstream region was amplified. The 

O 

I ^ 20 resulting PCR product was used in a second PCR reaction to fuse 
the lactococcin A leader sequence to the divergicin gene. This 
PCR product was cloned into pMG36e, resulting in pLAD6. 
Transformation of pLAD6 into L» gelidum 187-22 or L. lactis 
IL1403 (pMBSOO) resulted again in production of divergicin 

25 (Figures. 8 and 9). Apparently, the leucocin A and lactococcin A 
leader peptides can direct the secretion of divergicin using the 
leucocin A as well as the lactococcin A transport proteins, 
respectively. The data shown in Figures. 8 and 9 illustrate that 
L. gelidum 187-22 produced somewhat more divergicin with pLEDl 

30 than with pLAD6, while in L. lactis IL1403 (pMBSOO ) the opposite 
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effect was observed. This was confirmed when divergicin activity 

in the supernatant of cultures of L. gelidum 187-22 and L. lactis 

IL1403 (pMBSOO) transformed with these two piasmids were compared. 

A culture of L. gelidum 187-22 transformed with pLEDl produced 
5 four times more divergicin than with pLAD6, while L. lactis 

IL1403 (pMBSOO) transformed with pLAD6 doubled the production of 

divergicin compared with pLEDl. 

To confirm that inhibition of C« divergens UAL278 by L. 

gelidum 187-22 carrying pLEDl or pLAD6 was caused by divergicin A 
10 production and not by leucocin A, the inhibitory compound was 
P partially purified and the N-terminal amino acid sequence was 

determined. The N-terminal amino acid sequence of Ala-Ala-Pro- 
CO Lys-Ile from the purified peptide indicated that the active 
j'.'j compound was indeed divergicin A (Worobo et al., 1995) and that 
_ st ^ 15 proteolytic cleavage occurred at the Oterminus of the two 

glycine residues of the leucocin A and iactococcin A leader 
y peptides. This demonstrated that LcaC, the ABC transporter for 
(,£ leucocin A, correctly processed these leader peptides fused to 
u divergicin A. 

I* 20 Some divergicin was produced when L. lactis IL1403 that 

did not contain pMBSOO was transformed with pLAD6 (Figure 6) . It 
has recently been shown that X, lactis IL1403 carries a set of 
secretion genes on the chromosome that are homologous to the 
Iactococcin secretion genes lcnC and IcnD of pMBSOO (Venema et 
25 al., 1996). These results indicate that the transport proreins 
encoded on the chromosome of IL1403 recognize the hybrid protein 
containing the Iactococcin A leader peptide but not when it 
contains the leucocin A leader peptide. 

30 Divergicin A production using the colicin V secretion apparatus. 
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To determine whether divergicin A fused to the leucocin A or 
lactococcin A leader peptides could be secreted by E. coli using 
the transport proteins for colicin V, pLEDl and pLAD6 were 
transformed into £. coli MC4100 carrying pHK22. Plasmid pHK22 
5 contains the structural gene of, and the immunity gene for, 
colicin V as well as the genes encoding the two inner membrane 
transport proteins CvaA and CvaB for colicin V (Gilson et al. r 
1990) . With plasmid pLEDl, but not with pLAD6, divergicin could 
be produced in E. coli MC4100 (pHK22) (Figure 7). To compare the 
10 efficiency of divergicin secretion by the colicin V secretion 
Q apparatus using the leucocin A leader peptide with that when the 

ICS, 

•■it colicin V leader peptide (SEQ ID NO: 13) was used, plasmid pCODl 
HO was constructed. Plasmid pCODl is identical to pLEDl except that 
{'J the leucocin A leader peptide was replaced by the colicin V 
Hp leader peptide (Figure 4) . The zone of inhibition of C. divergens 
UAL278 formed by E. coli MC4100 carrying pHK22 and pCODl was 
slightly larger than that produced by E. coli cells carrying the 
M> two plasmids pHK22 and pLEDl (Figure 7). Divergicin production 

was not observed when pLEDl or pCODl were transformed into MC4100 
f lB a20 that did not contain pHK22. The iron chelator 2 , 2 1 -dipyridyl was 
used in the medium to induce the colicin V promoters (Chehade and 
Braun, 1988; Gilson et al., 1990). Omitting this inducer from the 
medium greatly reduced production of colicin V as well as 
divergicin A. 

25 When L. gelidum 187-22 and L. lactis IL1403 (pMBSOO) were 

transformed with pCODl, production of divergicin was observed in 
UAL187-22 but not in IL1403 (pMBSOO) (Figures 8 and 9). The 
colicin V leader peptide was not as efficient as the leucocin 
leader in directing the secretion of divergicin in L. gelidum 

30 187-22 (Figure 5) . 
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As a negative control, pLD2 was constructed. It is 
identical to pLEDl or pCODl except that leader peptides that 
precede the mature part of the divergicin A peptide were f 
excluded. E. coli MC4100 (pHK22) cells transformed with pLD2 did 
5 not inhibit the growth of C. divergens UAL278. Furthermore, the 
introduction of pLEDl, pLAD6 or pCODl into L. gelidura 187-22 , L. 
lactis IL1403 (pMBSOO) and E. coli MC4100 (pHK22 ) did not affect 
the production of leucocin A, lactococcins and colicin V, 
respectively. 

10 TolC is required for ABC transporter-dependent transport . For 
p translocation of colicin V across the outer membrane in E. coli, 

the presence of the minor outer membrane protein TolC is required 
f;g (Gilson et al. r 1990). To determine whether TolC is essential for 

divergicin A production in E. coli, pHK22 in combination with 
*215 pCODl or pLEDl were introduced into E. coli ZK7 96, a TolC D 

derivative of MC4100 (Wandersman and Delepelaire, 1990) . E. coli 
Q ZK796(pHK22) containing pLEDl or pCODl did not produce divergicin 
is, A, indicating that divergicin A requires the TolC protein for the 
ABC protein-dependent secretion pathway in E. coli. 

S 20 

Colicin V secretion in Lactococcus lactis . The results described 
above indicate that leader peptides of the double-glycine type 
can direct the secretion of heterologous substrates using ABC 
tranporters. To determine whether colicin V, a bacteriocin of 88 

25 amino acids (SEQ ID NO: 32) that is produced by E. coli, can be 
exported by lactic acid bacteria using the leucocin A leader 
peptide, the leucocin A leader peptide was fused to colicin V. 
The same DNA sequence encoding the leucocin A leader peptide plus 
the 176-bp upstream region present in pLEDl was amplified by PCR 

30 and was used as a megaprimer to amplify the DNA encoding the 
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mature part of colicin V and a downstream region of 54 bp. The 
resulting PCR product .was cloned into pMG36e, giving plasmid 
pLEC2. When L. lactisf IL1403 (pMBSOO } was transformed with pLEC2, 
colicin V production was observed using E. coli DH5a as the 
sensitive indicator strain. No inhibition was observed when DH5cx 
carrying pHK22 was used as the indicator strain. However, 
transformation of L. gelidum 187-22 with pLEC2 did not result in 
secretion of colicin V. Apparently, colicin V can be exported 
using LcnC and LcnD, but it seems that it cannot access the 
transport proteins for leucocin A. 

The genes for the N-terminal amino acid extensions 
described by Worobo and associates (1995) and Quadri and 
associates (1994) would also be suitable for the using as leader 
sequences similar to those described herein. 

In summary this protocol can be used to generate plasmids 
with more than one bacteriocin, or can be used to generate 
several plasmids with different bacteriocins . Using these 
techniques in combination with the nucleotide or peptide sequence 
of the desired leader or signal peptide and the desired 
bacteriocin, one of ordinary skill in the art can determine how 
to isolate the appropriate genes, identify and prepare the 
appropriate primers and insert the appropritate genes into a 
plasmid without undue experimentation. The host cell is the 
organism that is safe to use in the proposed enviroment or is 
responsible for a particular function in the enviroment. For 
example, the particular strain of bacteria used to make a 
particular type of cheese would be a suitable host for making an 
organism which would inhibit the growth of a variety of 
undesirable organisms but still make the desired type of cheese. 
The desired leader sequence or signal peptide would be a leader 
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sequence found associated with a bacteriocin derived from the 
same species of bacteria or a general signal bacteriocin peptide. 
The bacteriocin selected would target undesirable organism found 
in the particular enviroment. For many application such as 
5 preservation of meat, both Gram-negative and a Gram-positive 

bacteriocins are desired therefore two or more bacteriocins would 
be required (one derived from a Gram-negative organism and the 
other derived from a Gram-positive organism. ) 

The dedicated secretion and accessory proteins of 
10 Leuconostoc gelidum UAL187 can be used to produce several 

different bacteriocins from one cell. The bacteriocins produced 
q can be targeted against a range of bacteria, and those produced 
j;;f to date include colicin V in combination with one or more 
Ly bacteriocin derived from leucocin A, carnobacteriocin B2 or other 
V ?A5 bacteriocins described herein. 

i: 

i;3 Example 4 

Spectrum of bacteriocins antibiotic activity 

The antibiotic spectrum of a bacteriocin can be 
! ! * 20 determined by a variety of methods including but not limited to 
direct and deferred antagonism methods or spot-on-the lawn 
testing as described by Ahn and associates (1990a and b) and van 
Belkum and Stiles (1995) . 

The spectrum of antibiotic activity of individual 
25 bacteriocins were determined using partially purified 

bacteriocins. The bacteriocins were purified by methods specific 
for the bacterocin (Henderson et al. 1992; Hechard et al 1992; 
Hastings et al 1991; Quadri et al; 1993; Worobo et al. 1994; UAL- 
26 and Brochocin-C to be described later) or obtained 
30 commercially such as Pediocin PA-1 (Quest; Flavors & Food 
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Ingredients Co., Rochester, NY). Bacteriocins activity was 
determined using Carnobacterium divergens LV13 grown on ATP agar 
and expressed in arbitrary units of inhibitory activity (AU) 
based on the reciprocal of the greatest dilution that is 
5 inhibitory to this indicator strain (Ahn and Stiles 1990) . 

Several bacteriocins were tested using 10 yil/spot of 100 AU/ml or 
800 AU/ml for inhibtion of growth of a variety of strains of 
bacteria grown on agar (APT for most organisms except for the 
following: Lactobacilli MRS broth containing 1.5% agar for 
10 Lactobacillus and Pediococcus strains; Tryptic Soy Broth 

containing 1.5% agar (TSB agar) for Bacillus, Staphylococcus and 
q Streptococcus strains; TSB plus 0.6% yeast extract for Listeria 
J;Jf strains; or Trypticase Peptone Glucose Yeast extract for 
W Clostridium strains and the results are summarized in Tables 2, 3 
i; t 15 and 4. 

I,y This procedure can be used to test the ability of 

" n specific bacteriocins to inhibit the growth of specific 
EH organisms. With this information partially purified or purified 
."«! bacteriocins can be identified for the use in the control of the 
p 20 growth of particular organisms, particular groups of organisms or 
for the treatment of particular diseases. 

Organisms can be engineered as described herein to 
incorporate one or more of the desired bacteriocins for the 
inhibition of the growth of particular organisms or groups of 
25 organisms using the genetically engineered organism. 

Carnobacteriocin 26, Enterocin 900 and Brochocin-C would 
be very good inhibitors of a broad range organisms as indicated 
in Table 2, 3 and 4. Inhibition of the growth of these organisms 
is important for disease control or to reduce spoilage of 
30 agricultural products. 
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Example 5 

Molecular Characterization of Genes Involved in the 
Production of the Bacteriocin Leucocin A 
5 from Leuconostoa gelidum 

Leucocin A is a bacteriocin produced by Leuconostoc 
gelidum UAL187 isolated from vacuum packaged meat (Hasting and 
Stiles; 1991) . It inhibits a wide spectrum of LAB as well as some 
strains of Listeria monocytogenes and Enterococcus faecalis . 

10 Curing experiments of UAL187 showed that the genetic determinant 
for leucocin A was located on one of the three plasmids found in 
this organism. The bacteriocin was purified and shown to contain 
37 amino acids (Hastings et al. 1991) . A degenerate oligonucleo- 
tide was used for hybridization with plasmid DNA of UAL187-22 

15 which has only two of the three plasmids , pLG7 . 6 and pLG9.2, and 
still produces bacteriocin (Hastings and Stiles 1991). A 2.9-kb 
Hpall fragment of pLG7.6 showing homology was cloned and 
sequenced revealing the structural gene for leucocin A (IcnA) and 
a second open reading frame (ORF) . It was postulated that this 

20 second ORF could encode an immunity protein (Hastings et al. 

1991) . Leucocin A was shown to be produced as a precursor with a 
24 amino acid N-terminal extension. Transformation of several LAB 
with constructs containing the 2.9-kb fragment did not show 
production of leucocin A. UAL187-13, a cured, bacteriocin- 

25 negative derivative of the wild type strain, was refractory to 
transformation. 

Leucocin A is a small heat stable bacteriocin produced by 
Leuconostoc gelidum UAL187. A 2.9-kb fragment of plasmid DNA that 
contains the leucocin structural gene and a second open reading 

30 frame (ORF) in an operon was previously cloned (Hastings, et al. 
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1991) . When a 1-kb Dral-Hpal fragment containing this operon was 
introduced into a bacteriocin-negative variant (UAL187-13), 
immunity but no leucocin production /was detected, Leucocin 
production was observed when an 8-kb Sacl-Hindlll fragment of the 
5 leucocin plasmid was introduced into Leuc. gelidum UAL187-13 and 
Lactococcus lactis IL1403. Nucleotide sequence analysis of this 
8-kb fragment revealed the presence of three ORFs in an operon 
upstream and on the opposite strand of the leucocin structural 
gene. The first ORF {IcaE) encodes a putative protein of 149 
10 amino acids. The second ORF [lcaC) contains 717 codons and 
r ^ encodes a protein that is homologous to members of the HlyB- 
Q family of ATP-dependent membrane translocators . The third ORF 

':: f :ri ; 

|;g (IcaD) contains 457 codons that encodes a protein with strong 
resemblance to LcnD, a protein essential for the expression of 

ijUi 

^ 15 the lactococcal bacteriocin lactococcin A. Deletion mutations in 
' ?y lcaC and IcaD resulted in loss of leucocin production, indicating 

p that LcaC and LcaD are involved in the translocation and 

rft 

production of leucocin A. A mutation in IcaE did not affect 
1,3 leucocin production. The secretion apparatus for lactococcin A 
12 20 did not complement mutations in the IcaCD operon to express 
leucocin A in L. lactis, but lactococcin A production was 
observed when the structural and immunity genes for this 
bacteriocin were introduced into a leucocin producer of Leuc. 
gelidum UAL187, indicating that lactococcin A could access the 
25 leucocin A secretion machinery. 

To prevent confusion with nomenclature used for the genes 
involved in the expression of lactococcins, IcnA and ORF2 
(Hastings et al. 1991) have been renamed IcaA and IcaB, 
respectively. We report the cloning and nucleotide sequence 
30 analysis of a second operon which is located adjacent to, and on 
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the opposite strand of, the IcaAB operon. A construct containing 
the two operons was successfully transferred into Leuc. gelidum 
UAL187-13 and resulted in leucocin production. 

Bacterial strains, plasmids and media . The bacterial strains and 
5 plasmids used in this study are listed in Table 1. Escherichia 
coli was grown in TY broth (Rotlander and Trautner, 1970) at 
37°C; L. lactis was grown in Glucose-M17 broth (Terzaghi and 
Sandine 1975) at 30°C; and Leuc. gelidum and Carnojbacterium 
piscicola were grown in APT broth (All Purpose Tween; Difco 
10 Laboratories Inc., Detroit, MI) at 25°C. Broth media were 
^ supplemented with 1.2% (wt/vol) agar for solid plating media. 
Q Selective concentrations of erythromycin for growth of E. coli, 
Yn L. lactis and Leuc. gelidum containing recombinant plasmids were 
■VJ 200, 5 and 5 mg/ml, respectively. When appropriate, ampicillin 
?; j;15 was used at a final concentration of 150 mg/ml for E. coli, and 

kanamycin was used at a final concentration of 50 mg/ml for L. 
p lactis 

Y'! Bacteriocin Assay . To test for production of leucocin, cells of 

f,3 L gelidum or L. lactis were inoculated, unless otherwise stated, 

f 1 

j'T20 onto APT and glucose-Ml7 agar plates, respectively, and incubated 
at 25°C for 18 h. Soft APT agar (0 . 7% [wt/vol] ) containing C. 
piscicola LV17C as the indicator strain was then poured onto the 
surface. After 15 h of incubation, the plates were examined for 
zones of inhibition. Immunity or resistance of the different 
25 strains to leucocin was determined by a spot-on-lawn test of 0.5 
\iq of the bacteriocin (Ahn & Stiles, 1990). Lactococcin 
production was tested as described above with L. lactis IL1403 as 
the indicator strain in soft glucose-M17 agar (0.7% [wt/vol]). 
Molecular cloning . Plasmids from E. coli were isolated by the 
30 method described by Birnboim and Doly (1979) . With some 
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modifications, the same method was used to isolate plasmids from 
L • gelidum and L . lactis. Cells were lysed at 37°C in 50 mM Tris- 
HC1 (pH 8) -10 mM EDTA containing 5 mg of lysqzyme and 100 \xq of 
mutanolysin (Sigma. St. Louis, Mo.) per ml for 20 min. 
5 Restriction endonucleases , the Klenow fragment of the E.coli DNA 
polymerase I, and T4 DNA ligase were obtained from Promega 
(Madison, Wis.). Bethesda Research Laboratories (Burlington, 
Ontario, Canada) , Boehringer Mannheim (Dorval, Quebec, Canada) , 
or New England Biolabs (Mississauga, Ontario, Canada) , and used 
10 as recommended by the supplier. Cloning and DNA manipulations 
, (S . were performed as described by Sambrook et al. (Sambrook et 
y al.,1989). Competent E.coli cells were transformed by the method 
^ of Mandel and Higa (Mandel & Higa, 1970) . Transformation of L. 

W lactis by electroporation was performed with a Bio-Rad gene 

W 

p * 15 pulser (Bio-Rad Laboratories. Richmond, Calif.) by the method of 
^ J Holo and Nes (Holo & Nes 1989) . For transformation of L. 
Q gelidum, cells were cultivated in APT broth supplemented with 3% 
3 ! 7 (wt/vol) glycine. Exponentially growing cells were harvested, 
Q washed once with water and twice with ice-cold electroporation 
jj;* 20 buffer (5 mM potassium phosphate buffer [pH 7 ] , 3 mM MgCl 2 , in 1 

M sucrose), and concentrated 100-fold in the same buffer. 

Subsequently, 50 \il of the cell suspension was mixed with 2 \il of 

plasmid DNA and held on ice for 5 min prior to electroporation. 

Immediately after electroporation, cells were diluted in 1 ml of 
25 APT containing 0.5M sucrose and 20 mM MgCl 2 and incubated for 3 h 

at 25°C. Cells were plated on APT agar containing the 

appropriate antibiotic, and transf ormants were visible after 3 to 

4 days of incubation at 25°C. 

Southern hybridization . For Southern hybridization, DNA was 
30 transferred to Hybond N (Amersham Canada Ltd., Oakville, 
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Ontario, Canada) , as described by Sambrook et al (Sambrook et al, 
198 9) . Nonradioactive DNA probes were made with a random-primed 
labeling and detection kit (Boehringer Mannheim) . Hybridization 
and immunological detection were performed as recommended by the 
5 supplier. 

DNA sequencing . Nucleotide sequence analysis was performed by 
sequencing the DNA in both orientations by the dideoxy-chain 
method of Sanger et al. (Sanger et al.,1977). DNA was sequenced 
by Taq Dye Deoxy Cycle sequencing on an Applied Biosystems 373A 

10 DNA sequencer (Applied Biosystems, Foster City, Calif.). for 

sequencing, stepwise deletion derivatives of cloned DNA fragments 
were made with the Erase-a-Base system from Promega. In 
addition, a primer-walking strategy was used for nucleotide 
sequencing. Synthetic oligonucleotides were make with an Applied 

15 Biosystmens 391 PCR-Mate DNA sythesizer. Analysis of the 
nucleotide sequence was performed with a software program 
(DNASTAR, Inc., Madison, Wis.) The search for homology of the 
predicted amino acid sequences with those of proteins in the 
Swiss-Prot protein sequence database (release 30) was based on 

20 the FASTA algorithm of Pearson and Lipman (Pearson & Lipman, 
1988) . 

Nucleotide sequence accession number . The entire nucleotide 
sequence is sequence number is presented in the paper van Belkum 
and Stiles, 1995, and some important sections of this gene are 

25 included in SEQ ID NO:3 (accession number L40491) . Leuconostoc 
gelidum (strain UAL187) leucocin A ATP-dependent transporter and 
secretory nucleotide sequence herein referred to as SEQ ID NO: 4. 
This sequence if incorporated into a vector and used to transform 
a cell enables a cell to export polypeptides with an a variety of 

30 N-terminal leader peptides including but not limited to 



-49- 



PATENT 
Atty Docket 07254/051001 

polypeptides with a Leucocin A or a Colicin V leader peptide. 
Both the ABC-t'ransporter (IcaC) herein referred to as SEQ ID NO: 4 
and accessory protein (IcaD) genes herein referred ,to as SEQ ID 
NO: 5 are required for a functional transport pathway. 

5 

Cloning of the aenes involved in the production of leucocin A . 
The 2.9-kb Hpall fragment containing the IcaAB operon was cloned 
in pUC118, resulting in pJH6.1F, and in the shuttle vector pNZ19 
to form the plasmid pJH8.6L. Attempts to transform Leuc. gelidum 

10 UAL187-13 with pJH8.6L were unsuccessful (Hastings et al. 1991). 
Therefore, we used a different vector to introduce the 2.9-kb 
fragment (Figure 2} into strain UAL187-13. Using the multiple 
cloning site of pUC118, the 2.9-kb insert in plasmid pJH6.1F was 
excised by digestion with EcoRI and Hindi II and cloned into the 

15 EcoRI-Hindlll sites of pGKV210. The resulting plasmid, pMJl, was 
used to transform strain UAL187-13. However, all of the 
transf ormants examined showed the presence of spontaneous 
deletion derivatives of pM Jl . When a 1-kb Dral-Hpal fragment 
containing IcaA and IcaB was subcloned from the 2.9-kb fragment 

20 into the Smal site of pGKV210, the resulting recombinant plasmid 
pMJ3 (Figure 2) formed a stable transf ormant in Leuc. gelidum 
UAL187-13. This transformant was immune to leucocin A but did not 
produce the bacteriocin. Apparently, additional information 
encoded on pLG7 . 6 is required for expression of the bacteriocin 

25 phenotype. The plasmid pMJ20 (Figure 2) was constructed by 

introducing a frame shift mutation in IcaB, by filling in the 
unique Clal site with Klenow DNA polymerase. Immunity was not 
observed in UAL187-13 carrying this plasmid, indicating that IcaB 
encodes the protein necessary for immunity to leucocin A, 

30 Because additional genetic information is required for 



-50- 



PATENT 
Atty Docket 07254/051001 

leucocin A production, regions adjacent to- the IcaAB operon 
(Figure 2) were cloned. It was previously reported that the 
producer strain UAL187-22 contains plasmids pLG7 . 6 and pLG9.2 of 
7.6 and 9.2 MDa, respectively (Hastings and Stiles, 1991). 
5 Restriction analysis of plasmid DNA from UAL187-22 revealed that 
the actual sizes of pLG7 . 6 and pLG9.2 were 13 and 21 kb, 
respectively. To localize the IcaAB genes, Southern analysis of 
plasmid DNA with the 1-kb Dral-Hpal fragment as probe detected a 
12.3 kb Hindi I I fragment that was cloned into pUC118 to give 
10 pMJ4. Subclones of this fragment into a shuttle vector gave pMJ6 
and pMJIO (Figure 2) . 

Plasmids pMJ6 and pMJIO were transformed into L . lactis 
IL1403 and screened for leucocin A production. Transf ormants 
containing pMJ6 but not pMJIO inhibited the growth of the 
15 indicator strain C. piscicola LV17C. However, the zones of 

inhibition of these transf ormants were clearly smaller than those 
formed by Leuc. gelidum 187-22 (Figure 3A) . L . lactis has natural 
resistance to leucocin, therefore, the immunity phenotype to 
leucocin A could not be detected in L. lactis. Transformation of 
20 the bacteriocin-negative strain Leuc. gelidum UAL187-13 with pMJ6 
resulted in several transf ormants containing deletion derivatives 
of pMJ6 that did not show production of the bacteriocin. A 
transformant of UAL187-13 which contained a plasmid with the 
expected size and restriction pattern of pMJo produced a zone of 
25 inhibition comparable to that formed by UAL187-22 (Figure 3A) . 
These results indicate that the genes responsible for the 
production of leucocin A are located on an 8-kb Sacl-Hindlll 
fragment of pLG7 . 6 . 

Nucleotide sequence analysis . Restriction analysis of pMJ6 
30 revealed the location and orientation of the IcaAB operon on the 
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8-kb fragment (Figure 2). The nucleotide sequence of the region 
upstream of the IcaAB operon was determined in both directions by 
the dideoxy-chain termination method. The nucleotide sequence in 
van Belkum and Stiles paper (1995) and partly in SEQ ID NO: 3 
5 shows a 4.3~kb segment located adjacent to the previously 

reported nucleotide sequence containing the IcaAB operon as well 
as part of this previously reported nucleotide sequence (Hastings 
et al. 1991) . The start of an open reading frame (ORF) was 
identified 151 bases from, and on the opposite strand to, the 
10 start codon of IcaA. This ORF, designated IcaE, could encode a 
^protein of 149 amino acids and is followed by a TAA stop codon. 
3 Immediately downstream of IcaE, a second ORF (IcaC) was found 
j;^ that contained 717 codons. The TAA stop codon of IcaC is 
W immediately followed by an ORF that could encode a protein of 457 
l|| amino acids and has a TAG stop codon. All three ORFs are preceded 
W by probable ribosomal binding sites. A possible promoter sequence 
f;i was found upstream of IcaE (van Belkum and Stiles , 1995) . 
^ However, a putative promotor sequnce was also found within the 
(3 IcaE gene. The sequence of its -35 (TGGACT) and -10 (TACAAT) 
$P regions closely resembles the consensus sequence of constitutive 
promoters found in other LAB (van de Guchte et al. 1992) . The 
spacing of 16 and 19 bases between the -35 and -10 regions of 
these promotor seuquences agrees with that of the usual spacing 
found in LAB promoters. An imperfect inverted repeat was found 6 
25 bases downstream of the stop codon of IcaD which has the 

characteristics of a possible rho-independent terminator. No 
other ORFs and palindromic structures were found in either strand 
in this 4.3-kb region. 



30 Similarity of LcaC and LcaD to bacterial transport proteins . The 
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hydrophobicity plot of the putative LcaC protein revealed that 
the N-terminal region contains several hydrophobic domains. A 
homology search with other amino acid sequences in the SwissProt 
database showed that LcaC belongs to the HlyB-like family of ABC 
5 transporters (Blight and Holland 1990; Higgins 1992) . These 
proteins contain a highly conserved ATP binding domain in the 
C-terminal region and several membrane spanning domains in the 
N-terminal half of the sequence. Homology comparison of HlyB, 
which is involved in the secretion of hemolysin A, and LcaC 
10 revealed that 53% of the amino acids were similar when conserved 
residue substitutions are included and 27% were identical. 
O However, LcaC has a much higher degree of homology with several 
m other ABC transporters. ComA, a protein from Streptococcus 
j'^ pneumoniae that is required for competence induction for genetic 
yl5 transformation (Hui and Morrison 1991) shares 59% identity and 
H 82% similarity with LcaC, Comparison of LcaC with LcnC, a protein 
^ that is implicated in the secretion of the lactococcal 
!:i bacteriocin lactococcin A and possibly in the secretion of 
t* lactococcins B and M (Stoddard et al. 1992, van Belkum 1994), and 
•^20 PedD, which is involved in the production of pediocin PA-1 

(Marugg et al. 1992), revealed 81% similarity and 57% identity, 
and 73% similarity and 51% identity at the amino acid level, 
respectively. The databank search showed further that LcaC was 
very homologous to SapT (82% similarity, 57% identity) and SapT 
25 (81% similarity, 58% identity), proteins that are encoded by DNA 
sequences linked to sakacin A and P, respectively. The highest 
score however, was found with MesC, a protein encoded in a DNA 
sequence linked to mesentericin Y that was nearly identical to 
LcaC with 99% similarity and 98% identity. 
30 Analysis of the hydropathy profile of LcaD showed a 
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largely hydrophilic protein with the exception of a strong 
hydrophobic region at the N-terminus, Homology search in the 
data bank revealed that LcaD is similar to LcnD, another protein 
'that is essential for lactococcin production in L. lactis 
5 (Stoddard et al. 1992). LcaD showed 35% identity and 54% 

similarity to LcnD. Additional homologues of LcaD that were found 
were SspE (62% similarity, 32% identity), SapE (65% similarity, 
35% identity) and MesY (96% similarity, 87% identity) whose genes 
are linked to the genetic determinants for sakacin A, P and 
10 mesentericin Y, respectively. Two other proteins that showed 
similarity with the LcaD protein were ComB from S. pneumoniae 
(Hui et al. 1995) with 61% similarity and 29% identity and the 
ORF1 protein encoded by Lactobacillus johnsonii (Fremaux et al, 
lJ 1993) . The ORF1 protein has similarity with the N- and Otermini 
t\5 of LcaD. The ORF1 protein is encoded by a 5 T end truncated ORF of 
y 540 bases located upstream of the bacteriocin operon responsible 
for lactacin F production (Fremaux et al. 1993) . 

The hydropathy profile of the putative protein LcaE 
showed a rather hydrophilic protein. Search of the databank 
P 20 revealed only similarity of LcaE to MesE, a protein encoded by a 
DNA sequence linked to mesentericin Y production. 
Functional and complementation analyses of LcaC and LcaD . To 
establish whether lcaE / IcaC and IcaD are essential for leucocin 
production, deletion and mutation derivatives of pMJ6 were 
25 constructed in E. coli (Figure 2) . Deletion of the BstEII-StuI 
fragment in IcaC resulted in plasmid pMJ17. Cells of Leuc. 
gelidum UAL187-13 containing this construct were immune to 
leucocin but bacteriocin was not produced. If we assume that the 
deletion had no polar effect on IcaD, the result would indicate 
30 that IcaC is involved in leucocin production. Two deletion 
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constructs in IcaD were made, namely pMJ16 and pMJ18 . In plasmid 
pMJ16 an EcoRV-BamHI fragment was deleted, whereas an EcoRV- 
Hindlll fragment was deleted in pMJ18. A frame shift mutation in 
IcaE was made using the Nsil restriction site, giving plasmid 
5 pMJ26. Several attempts to introduce pMJ16, pMJ18 and pMJ26 into 
UAL187-13 were unsuccessful. When pLMJ16 and pMJ17 were introduced 
into L. lactis IL1403, bacteriocin production was not detected. 
However, transformation of L. lactis IL1403 with pMJ26 did not 
affect leucocin production. These results indicate that LcaD, but 
10 not LcaE, is essential for leucocin production. Given the high 
degree of similarity between LcaC and LcaD of Leuc. gelidum and 
LcnC and LcnD of L. lactis, it was decided to determine whether 

CO the mutations in IcaC and IcaD could be complemented by the 

CO 

y lactococcin A gene cluster in L. lactis IL1403 carrying pMBSOO 
(Stoddard et al. 1992; van Belkum et al 1989). Plasmids pMJ3, 

st as 

y pMJ16 and pMJ17 were used to transform IL1403 (pMBSOO) . Although 
;L the different plasmids contain the same replicon as pMBSOO, 
ffl transf ormants can be selected for erythromycin resistance and 
['^ pMBSOO can be selectively retained by its own lactococcin 
Q20 production and resistance to kanamycin. However, leucocin 

production was not observed in these transf ormants, indicating 
that proper complementation by the lactococcin secretion 
apparatus was not possible. Only transformation of IL14 03 (pMBSOO ) 
with pMJ6 resulted in a zone of inhibition. In contrast, 
25 transformation of Leuc. gelidum UAL187-22 with plasmid pMB553, 

which carries the structural and immunity genes for lactococcin A 
showed a small zone of inhibition using L. lactis IL1403 as an 
indicator (Figure 3B} . Lactococcin A is only active against 
lactococci (Holo et al. 1991). No such zone of inhibition was 
30 observed when UAL187-13 was transformed with pMB553. Apparently, 

-55- 



PATENT 
Atty Docket 07254/051001 

the 1-eucocin secretion system is able to complement the IcnC and 
IcnD genes for the secretion of lactococcin A to a limited 

extent . 

/ 

5 Example 6 

Novel bacteriocin nucleotide and amino acid sequences 

(Brochocin-C) 

Brochothrix campestris ATCC 43754 isolated from soil as reported 
by Siragusa and Nettles Cutter ( ) to produce a broad spectrum 

10 bacteriocin. They did not characterize the bacteriocin and did 
not show that it is active against C. botulinum. We have now 
demonstrated that this is a two-component bacteriocin that is 
chromosomally produced and that the translation products of the 
two genes responsible for activity and an immunity gene (Figures 

15 13, 14, 15 and 16) . 

Biochemical and genetic characterization of brochocin-C. 

Brochocin-C is a strongly hydrophobic bacteriocin 
produced by Brochothrix campestris ATCC 43754 that is active 

20 against a broad spectrum of Gram-positive bacteria (Table 2 and 
3) . Crude brochocin-C was thermostable up to 121°C for 15 min, pH 
stable from 2 to 9, and inactivated by proteolytic enzymes. The 
bacteriocin was purified, its nucleotide (SEQ ID NO: 21) and amino 
acid sequence determined, and a site-specific 23-mer 

25 oligonucleotide probe was synthesized which hybridized to a 4,2- 
kb EcoRI genomic DNA fragment. The two components of the 
bacteriocin, brochocin A (nucleotide sequence herein referred to 
as SEQ ID NO: 22 and amino acid sequence herein referred to as SEQ 
ID NO: 23) and B (nucleotide sequence herein referred to as SEQ ID 

30 NO: 24 and amino acid sequence herein referred to as SEQ ID 
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NO: 25), and their immunity gene (nucleotide sequence herein 
referred to as SEQ ID NO: 26 and amino acid sequence herein 
referred to as SEQ ID NO: 27) have been cloned separately and 
fused behind the signal peptide of divergicin A and produced in 
5 different hosts. Both Brochocin A and B contain a N-terminal 
leader peptide that gets cleaved after a double glycine motif to 
yield mature a bacteriocin and a leader peptide. This leader 
peptide bears significant homology to leader peptides of the 
class II bacteriocins of lactic acid bacteria. 
10 Bacterial strains and olasmids : The bacterial strains and 
plasmids used in these studies are listed in Table 8. These 
*f include strains from the American Type Culture Collection (ATCC) , 
ji;y Brochothrix strains from G.G. Greer isolated from meat at the 

Lacombe Research Centre and from our laboratory culture 
lyi5 collection (UAL) . All strains with the exception of Escherichia 
p coli were stored at -70°C in All Purpose Tween (APT) broth (Difco 

Laboratories Inc., Michigan) adjusted to pH 6.5, supplemented 
m with 20% glycerol (v/v) . Cultures for use in experimental 
^ studies were obtained by inoculation of frozen cells into APT 
1:3 20 broth at pH 6.5, and subcultured for two successive transfers at 
§ r & 25°C after 18 to 24 h before being used. Growth experiments and 
(or) bacteriocin production from B. campestris were done in APT 
broth, Cooked Meat Medium (CMM; Difco) , or semi-defined casamino 
acids medium (CAA) , described by Hastings et al. (1991). CAA 
25 medium was used for the purification of the bacteriocin. 

E. coli strains were stored at -70°C in Luria-Bertani 
(LB) broth (Sambrook et al. 1989) supplemented with 40% glycerol 
(v/v) . Inoculation of E. coli strains was done from frozen 
cultures into LB broth with ampicillin or erythromycin added to a 
30 final concentration of 200 mg/mL and propagated at 37°C with 
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shaking (250 rpm) . Potential pUC118 recombinants were identified 
by the blue-wh'ite colour selection from growth on LB plates (1.5% 
w/v granulated agar) supplemented with ampicillin (200 mg/mL) and 
used with 'x-gal. { 5-bromo-4-chloro-3~indolyl-Ji-D-galacto- 
pyranoside) and IPTG (isopropylthio-ft-D-galactopyranoside) 



Table 8 . Bacterial strains and plasmids 

Organism 

Bacillus macerans ATCC 7048 
B . cereus ATCC 14 57 9 
Brochothrix campestris ATCC 43754 
B. campestris MT 



Reference 
ATCC 
ATCC 
ATCC 

This study 





B. 


thermosphacta ATCC 11509 


ATCC 






B. 


thermosphacta 141 


UAL 




3 15 


B. 


thermosphacta B1-B5, B7-B16 


(Inclusive) GGG 




f 


Carnojbacteriiun piscicola LV17 


Shaw 




£ft 


C. 


piscicola 


LV17A 


Ahn and Stiles 


(1990n 




C. 


pisci cola 


LV17B 


Ahn and Stiles 


(1990b 




C. 


piscicola 


LV17C 


Ahn and Stiles 


(1990b 




C. 


piscicola 


C2/8B 


Quadri et al. 


(1994) 




C. 


piscicola 


C2/8A 


Quadri et al. 


(1994) 




C. 


piscicola 


UAL26 


Burns (1987) 






c. 


piscicola 


UAL26/8A 


Ahn and Stiles 


(1990b 


25 


c. 


piscicola 


UAL26/8B 


Quadri et al. 


(1994) 




c. 


divergens 


LV13 


Shaw 






c. 


divergens 


9/8A 


Quadri et al. 


(1994) 




c. 


divergens 


9/8B 


Quadri et al. 


(1994) 



30 Clostridium bifermentans ATCC 19299 



ATCC 
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C. butyricum ATCC 82 60 
C. pasteurianum ATCC 6013 
Enterococcus faecalis ATCC 19433 
E. faecalis ATCC 7080 
E. faecium ATCC 19434 
E. durans ATCC 11576 
Lactobacillus sake Lb706 
L. plantarum ATCC 4008 
Lactococcus lactis ATCC 11454 
L. lactis UAL 245 
L. lactis UAL 276 
Leuconostoc gelidum UAL 187 
L. gelidum UAL 187.13 
L. gelidum UAL 187.22 
L- mesenteroides ATCC 23386 
I- iflesenteroides Y105 
Listeria innocua ATCC 33090 
L. monocytogenes Scott A 
L. inonocytogenes 142 
L. monocytogenes ATCC 15313 
Pediococcus acidilactici ATCC 8042 
P. acidilactici PAC 1.0 
Staphylococcus aureus S6 
S. aureus S13 
Escherichia coli DH5a 



ATCC 
ATCC 
ATCC 
ATCC 
ATCC 
ATCC 

Schillinger 

ATCC 

ATCC 

UAL 

UAL 

Hastings et al. 
Hastings et al. 
Hastings et al. 

ATCC 
Cenatiempo 

ATCC 

ATCC 

UAL 

ATCC 

ATCC 
Vandenbergh 

HPB 



(1991} 
(1991) 
(1991) 



HPB 

BRL Laboratories Life 
Technologies Inc. 
E. coli AP4.7 (DH5a containing pAP4.7) This study 

E. coli AP7.4-32 (DH5a containing pAP7.4) This study 
E. coli AP4.6-8 (DH5a containing pAP4.6) This study 
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Plasmids 

pUC118 (3.2kb; Amp R ; lac Z f ) Vieira and Messing, ( 1982 ) 

pGKV210 (4,4kb; Em R ) van der Vossen et al. (1985) 

pAP4.7 (pOC118; 1 . 6 kb EcoRI - PstI fragment) This study 
5 pAP7.4 (pUC118; 4.2kb EcoRI fragment) This study 

pAP4.6 (pUC118; 1.4kb PstI fragment) This study 

pAP8.6 (pGKV210; 4,2 kb EcoRI fragment) This study 

ATCC = American Type Culture Collection 
10 BRL = Bethesda Research Laboratories Life Technologies Inc. 

UAL = University of Alberta Food Microbiology culture collection 
% GGG = G. Gordon Greer (Lacombe Research Centre, Alberta, Canada) 
K HPB = Health Protection Branch (Ottawa, Ontario, Canada) 

Shaw = B- G. Shaw (AFRC Institute of Food Research, Bristol, UK) 
W 15 Vandenbergh = P. A. Vandenbergh (Quest International, Sarasota, 

1J Burns = K. Burns (M.Sc. thesis, 1987, University of Alberta, 

ffl Edmonton, AB) 

Schillinger = U. Schillinger (Institute of Hygiene and 
j;3 20 Toxicology, Federal Research Centre for Nutrition, Karlsruhe, 
8taa Germany) 

Cenatiempo = Y. Cenatiempo (Institut de Biologie Moleculaire et 
d'Ingenierie Genetique, Centre National de la Recherche 
Scientif ique, Universite de Poitiers, France) 



at final concentrations of each at 1.6 mg/mL. Erythromycin- 
resistant (Em R ) transformants of E. coli with pGKV210 were 
selected on either LB or YT (yeast extract, tryptone; Difco) agar 
30 with erythromycin (200 mg/mL) . 
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Bacteriocin assays . Antagonistic bacteriocin activity against 
different indicator strains was determined by direct or deferred 
inhibition assays (Ahn and Stiles, 1990b) . For direct inhibition 
tests, broth cultures were inoculated onto APT agar (1.5%) plates 
using a Cathra replicator, allowed to dry, and immediately 
overlayered with 7.5 mL of molten APT agar (0.75% agar) at 45°C, 
seeded with a 1% inoculum of the indicator strain. For deferred 
inhibition tests, inoculated cells were incubated at 25°C for 15 
to 18 h before being overlayered with the indicator strain as 
described above. In both instances, overlayered plates were 
placed in an anaerobic jar (BBL) filled with a 10% C0 2 and 90% N 2 
atmosphere and incubated at 25°C for 16 to 24 h before analyzing 
the results. 

Bacteriocin activity of B. campestris ATCC 43754 was 
detected or quantified by the spot-on-lawn method (Ahn and 
Stiles, 1990b) against C. piscicola LV17C. Doubling dilutions 

(1:1) of cell supernatants (heat treated at 65°C for 30 min) were 
prepared in sterile water and 10 or 20 mL of each dilution was 
spotted onto an APT plate freshly overlayered with the indicator 
lawn. Activity was determined by taking the reciprocal of the 
highest dilution which showed a distinct zone of inhibition of 
the indicator strain, and expressed as arbitrary activity units 

(AU) per mL. 

Stability of brochocin-C . The effects of pH and heat treatment 
on the activity of crude brochocin-C were determined. Cultures 
grown in APT broth were centrifuged (8000 x g for 15 min) and the 
supernatant was adjusted to pH 2 through 9 using either 5 N HC1 
or NaOH. The pH-adjusted supernatant was heated at 65°C for 30 
minutes before doing a spot-on-lawn assay. Heat stability of 
brochocin-C in pH-adjusted supernatant was determined by heating 
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at 65°C for 30 min, 100°C for -15 min, or 121°C for 15 min before 
testing the residual activity of each sample and comparing it 
with the activity in unheated supernatant. To test the effect of 
organic solvents on the activity of brochocin-C, preparations of 
5 brochocin-C partially purified by butanol extraction (see below) 
were diluted in either 0.1% trif luoroacetic acid (TFA) , 95% 
ethanol, 100% methanol, or 100% acetonitrile to give an initial 
concentration of 10 AU/mL . Tubes were incubated at 25 and 4°C 
for selected time intervals before a 10 mL aliquot of each 
10 treatment was removed and spotted onto a freshly overlayered lawn 
of C. piscicola LV17C. Sizes of the zones of inhibition were 
measured and compared to that at time zero for each treatment, 

Plasmid curing . Overnight cultures of B. campestris were 

15 inoculated at 10 7 cfu/mL into APT broth containing different 

concentrations of the curing agents novobiocin, acriflavin, and 
sodium-dodecyl sulphate (SDS) and grown at 25°C for 24 h to 
determine the minimum inhibitory concentration of each. 

The loss of bacteriocin production was determined from 

20 cultures grown in acriflavin by heating a 500 mL aliquot of the 
culture at 65°C for 30 min and spotting it onto a lawn of C. 
piscicola LV17C. A negative control of sterile APT broth with 
the different concentrations of acriflavin was also spotted onto 
the indicator lawn to ensure that the acriflavin did not have an 

25 inhibitory effect on the indicator cells. Curing was attempted 
using a combination of acriflavin and elevated growth temperature 
(30°C) using an inoculum of 10 4 cfu/mL in APT broth with the 
selected acriflavin concentration. The culture was grown until 
turbidity was detected and then it was subcultured an additional 

30 1 to 6 times at inocula of 10 3 or 10 4 cfu/mL in APT broth 



-62- 



PATENT 
Atty Docket 07254/05 1 001 

containing the same acriflavin concentrations. Dilutions of 
these cultures were made in sterile 0.1% peptone (Difco) water 
and plated onto APT plates. Plates were incubated in anaerobic 
jars at 25°C for 2 d and replica-plated onto two other APT 
plates, allowed to grow for 2 d before overlayering one plate 
with C. piscicola LV17C and the other with Listeria monocytogenes 
33090. Colonies showing a loss of bacteriocin production with 
both of the indicator strains were inoculated into APT broth for 
small-scale plasmid isolation (see below) . The wild-type strain 
was also included in the small-scale plasmid isolations to serve 
as a positive control. 

Purification of brochocin-C . A flask containing five litres of 
sterile CAA medium (Hastings et al. f 1991) with 2.5% glucose was 
inoculated with 2% of an overnight culture of B. campestris ATCC 
43754, and grown at a constant pH of 6.7 with a Chemcadet (Cole- 
Parmer, Chicago, IL) by addition of filter-sterilized (0.22mm) 2 
M NaOH. Growth of the culture was monitored and stopped after 22 
h of incubation at 25°C. Cells were removed from the culture 
broth by centrif ugation az 8000 x g for 20 min. The supernatant 
(approximately 5.5 litres) was extracted twice with 1.5 litres of 
n-butanol. The extract was diluted with water (approximately 
1:1), concentrated on a vacuum evaporator at 35°C and evaporated 
repeatedly to remove the last traces of butanol. The extract was 
suspended in water (approximately 150 mL) , precipitated with 1.7 
litres of cold (-60°C) acetone and stored at 5°C for 24 h. The 
precipitate was separated by centrifugation (10,000 x g for 15 
min), dissolved in 10 mL of 0.1% TFA and loaded onto a Sephadex 
G50 (Pharmacia) column (2.5 x 120 cm) that had been pre- 
equilibrated with 0.1% TFA. The column was washed with 0.1% TFA 
at a flow rate of approximately 0.6 mL/min. Absorbance of 
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collected fractions was monitored- at 220 nra. Fractions showing 
antimicrobial activity by spot-on-lawn assay were concentrated 
and lyophilized. The purity of the sample was confirmed by mass 
spectrum analysis and sodium-dodecyl sulphate polyacrylamide gel 

5 electrophoresis (SDS-PAGE) . 

S PS -PAGE . Brochocin-C preparations were examined on 20% poly- 
acrylamide gels with the buffer system described by Laemmli 
(1970) in 3M Tris-HCl. Electrophoresis was done at 20 mA 
constant current for 3 h. After electrophoresis, gels were fixed 

10 in 50% methanol, 10% acetic acid for 1 h and stained with 

Coomassie blue (Bio-Rad) or assayed for antimicrobial activity by 
overlayering with C. piscicola LV17C as the indicator strain by 
the method of Barefoot and Klaenhammer (1983). 

Inhibition bv brochocin-C . Partially purified preparations of 

15 brochocin-C were obtained by butanol extraction of supernatant 
fluids of an overnight culture of B. campestris ATCC 4 37 54 grown 
in CAA medium with constant pH regulation at 6.7. All traces of 
butanol were removed by rotary evaporation. The partially 
purified bacteriocin was added to APT broth (pH 6.5) and to 

20 phosphate buffer (50 mM, pH 7.0) containing 10 cfu/mL of C. 
piscicola LV17C. The bacteriocin was added to give a final 
concentration of 100 AU/mL and the tubes were incubated at 25°C. 
Viable counts were determined by enumeration on APT agar at 
selected time intervals and cell lysis was checked by monitoring 

25 the optical density at 600 nm. For enumeration, cultures grown 
in APT broth and phosphate buffer were diluted in sterile 0.1% 
peptone water and 50 mM phosphate buffer (pH 7.0) respectively. 
Growth of the indicator strain without addition of bacteriocin 
was also included as a control. 

30 Determination of the amino acid sequence and the amino acid 
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content of brochocin-C . The N-terminal amino acid sequence of 
brochocin-C was determined by automated Edman degradation with a 
gas-phase sequencer (Applied Biosystems model 470A) with on-line 
phenylthiohydantoin-derivative identification by HPLC (Applied 
5 Biosystems model 120A chromatograph) . The amino acid content of 
purified brochocin-C was determined by derivitization with 
phenylisothiocyanate on an Applied Biosystems 420A derivarizer 
and separation with a Ci8 column by HPLC (Applied Biosystems 
model 130A chromatograph) . 
10 The mass spectrum of purified brochocin-C was measured by 

plasma desorption and fast atom bombardment (FAB) . 
DNA isolation, manipulation, and hybridization . Small-scale 
I'S plasmid isolation of B. camvestris was done by previously 
y established methods (Ahn and Stiles, 1990b) . Cells from an 
^15 overnight culture grown in APT broth were recovered by 
14 centrifugation at 14,000 x g for 5 min, washed once with cold 
,L 0.5% NaCl (500 mL} , and resuspended in 100 mL of solution A (25% 

sucrose, 50 mM Tris-HCl, 5 mM EDTA, pH 8.0) containing lysozyme 
fr (10 mg/mL) . After incubation for 1 h at 37°C, 200 mL of solution 
1320 C (0.9% glucose, 3% SDS, 50 mM Tris-HCl, 5 mM EDTA, pH 8.0) 
containing 0.2 N NaOH was added and the tubes were gently 
inverted several times until the cell lysate cleared. Solutions 
of 2 M Tris-HCl, pH 7.0 (50 mL) and 5 M NaCl (70 mL) were added 
to the tubes and mixed by inversion. The DNA was extracted once 
25 with 3% NaCl-saturated phenol/chloroform and once with 

chlorof orm/isoamyl-alcohol (24:1), before overnight precipitation 
at -20°C with 95% ethanol. Large-scale preparation of plasmid 
DNA was done by scaling up (100 X) of the small-scale method 
using cells from 750 mL of an overnight culture grown in APT 
30 broth and purified by CsCl - ethidium bromide density gradient 
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ultracentrifugation. The CsCl salt was removed by dialysis in 10 
mM Tris-HCl, 1 mM EDTA (TE buffer, pH 8.0; Sambrook et al., 
1989) . Chromosomal DNA preparation of -B. campestris was done as 
described by Quadri et al. (1994), but was resuspended in a final 
5 volume of 1 mL TE buffer. An equal volume of chloroform was 
added to preserve the DNA from bacterial contamination and to 
remove any residual proteins. 

Plasmid and genomic DNA from B. campestris was digested 
with restriction enzymes compatible with the multiple cloning 
10 site (MCS) of pUC118 (Vieira and Messing, 1982) . Restriction 

endonucleases from Boehringer-Mannheim (Dorval, Quebec, Canada) , 
p Promega (Madison, WI; Burlington, Ontario, Canada), and New 
»^ England Biolabs (Mississauga, Ontario, Canada) were used as 
(IS recommended by the suppliers. DNA fragments were separated in 
\%5 either 0.65% 40 mM Tris-acetate/1 mM EDTA (TAE) or 0.7% 90 mM 

Tris-borate/2 mM EDTA (TBE) agarose gels run at 8.5V/cm and 
^ blotted by the method of Southern (1975) onto Hybond N (Amersham 

U Corp.) nylon membranes. Molecular weights of fragments were 

III 

U determined by multiple regression analysis based on mobility 

;:£>0 standards of £coRI - Hindi 1 1 digests of bacteriophage lambda 

1; saF- 

{:* (Promega) . 

For colony blots, Hybond N membrane was placed on top of 
the colonies, lifted off the plate, incubated for 6 to 8 h on a 
new LB-ampicillin plate, where necessary, to allow growth of the 
25 cells, and the colonies were lysed on the membrane in situ. 

A degenerate 23-mer oligonucleotide probe, (APO-1; 5 f - 
AAAGATATTGG (ATC) AAAGG(ATC) ATTGG-3 f ) (SEQ ID NO:52) based on 
residues 8 to 15 of the amino acid sequence, was used to locate 
the brochocin-C structural gene (jbrcA) in both Southern and 
30 colony blot hybridizations. Oligonucleotides based upon derived 
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-nucleotide sequences were synthesized as needed (Department of 
Biological Sciences, University of Alberta, Edmonton, AB) on an 
Applied Biosystems 391 PGR Mate synthesizer, quantified, and used 
for hybridizations or as primers for nucleotide sequencing 
without further purification. DNA probes were radioactively end- 
labelled with [y 32 P]ATP (Amersham) with T4 polynucleotide kinase 
(PNK; Promega) or nonradioactively by random-primed labelling 
with digoxigenin-dUTP (Boehringer-Mannheim) . A reaction volume 
of 10 mL of the labelled oligonucleotide mixture (6 mL distilled 
water, 1 mL 10X PNK buffer, 1 mL [1 pmol] APO-1 probe, 1 mL PNK, 
1 mL [y 32 P]ATP) was added for every 3 mL of hybridization 
solution. The mixture was purified through a Sephadex G50 column 
to remove unincorporated ATP or added directly to the 
hybridization solution. Hybridizations were done at 37°C 
overnight in hybridization solution containing 6X SSPE buffer, 5X 
Denhardt's Reagent (Sambrook et al., 1989) and 0.5% (v/v) SDS. 
After hybridization, two washes were done sequentially {25°C for 
25 min, 39°C for 15 min) in 2X SSPE buffer, 0.1% SDS. Where 
necessary, probes were stripped off membranes by washing at 95°C 
for 2 min in 0.5% SDS and rehybridized. Autoradiograms were 
exposed 24 to 48 h before developing in a Fuji film processor. 

Isolation of small-scale plasmid DNA from E. coli strains 
was performed by the lysis by boiling method and large-scale DNA 
preparation by alkaline lysis (Sambrook et al., 1989). Large- 
scale plasmid DNA was purified by equilibrium centrif ugation at 
49 000 rpm (Ti 70.1 rotor) for 20 h in a CsCl-ethidium bromide 
gradient and dialyzed in TE buffer. 

Cloning of the jbrcA aene . Genomic DNA was digested to completion 
with EcoRI. Fragments of 4.2 kb corresponding to the 
hybridization signal identified with APO-1 were excised from the 
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gel and placed in 6,000 to 8,000 molecular weight cut-off 
Spectrapor (Los Angeles, CA) dialysis tubing. The DNA was 
electroeluted from the gel and into the tubing by electrophoresis 
at 200V for 20 min in 0.5% TBE buffer. The DNA was purified by 

5 extracting once with phenol/chlorof orra: isoamyl alcohol (24:1), 
once with chloroform: isoamyl alcohol, and precipitated with 2 
volumes of 95% ethanol and one-tenth volume of 3 M sodium acetate 
(pH 5.2). The resulting fragments were cloned into the £coRI 
site of the MCS in pUCHS using T4 DNA ligase (Promega) at 25°C 

10 for 3 h in ligation buffer without polyethylene glycol and 
dithiothreitol . Colonies were screened by a-complementation 
(Vieira and Messing, 1982) . Colony blots were done to 
discriminate the white colonies for the correct DNA insert. 
Small-scale plasmid isolations were done on presumptive positive 

15 clones and the plasmids were digested with Taql. The clones were 
grouped into classes based on similarities in their restriction 
patterns. Clones were digested with EcoRI, blotted by the method 
of Southern (1975), and hybridized with APO-1 to confirm the 
presence of the brcA gene. The plasmid identified to carry the 

20 correct 4.2 kb insert in pUC118 was named pAP7 . 4 . A smaller PstI 
fragment of 1.4 kb was further identified from this plasmid to 
hybridize to APO-1 and this was subcloned into pUC118 (Pap4.6). 

Nucleotide sequencing of plasmid DNA : The plasmid pAP4 . 6 served 
25 as the initial template DNA for nucleotide sequencing by Tag 

DyeDeoxy Cycle sequencing on an Applied Biosystems 373A sequencer 
using the universal forward and reverse primers of pUC118. Site- 
specific 18-mer primers based on newly sequenced DNA were 
synthesized for further sequencing. The recombinant plasmid, 
30 pAP7.4, was used as the template DNA in subsequent sequencing 
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runs to -deduce the complete sequence of the structural gene 
{brcA) r the regions flanking the structural gene, and for 

sequencing of the complementary strand. 

/ 

Heterologous and homologous expression studies of brochocin-C. 
5 The 4.2 kb insert in pAP7 . 4 was subcloned into the EcoRI site of 
the shuttle vector pGKV210 to create the recombinant plasmid 
pAP8.6. This plasmid was subsequently used to transform selected 
strains by electroporation with a Gene-Pulser (Bio-Rad 
Laboratories Canada Ltd., Mississauga, ON) at 25 mFD and 200 ohms 
10 resistance . 

Table 9. Inhibitory spectrum of Brochothrix campestris ATCC 

43754 determined by direct and deferred antagonism 
on APT agar 

15 
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L. lactis UAL 245 
L. lactis UAL 276 
Leuconostoc gelidum UAL 187 



L. gelidum UAL 187.13 
L. gelidum UAL 187,22 
L. inesenteroides ATCC 23386 
I. iflesentercides Y105 
Listeria innocua ATCC 33090 
L. monocytogenes Scott A 
L. monocytoge/ies UAL 42 
L. monocytogenes ATCC 15313 
Pediococcus acidilactici ATCC 8042 + 
Staphylococcus aureus S6 ++ 
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+ 
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+++ 

+ + 
+ 4- + 
ff 
+ + 
+ + + 
++ + + 
+++ 
+ + 
+ + 
+ + 



++ + + 



+ + + + 

= zone of inhibition >20 mm 

= zone of inhibition 15 to 19 mm 

= zone of inhibition 10 to 14 mm 

= zone of inhibition 5 to 9 ram 

= no inhibition zone 

= not determined 



Example 7 

Novel bacteriocin nucleotide and amino acid sequences 

(Enterocin 900) 

25 Enterococcus faecium 900 produces a chromosomally 

mediated broad spectrum bacteriocin. The forward operon is 
referred to as SEQ ID NO:28. The bacteriocin consists of 71 
amino acids herein referred to as SEQ ID NO: 30 and its nucleotide 
sequence is herein referred to as SEQ ID NO: 29. This bacteriocin 

30 has activity against other strains of Enterococcus species as 
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well as many other organisms as indicated in Tables 3 and 4. 
Purification of Enterocin 900 . For purification of the 
Enterococcus faecium BFE 900 bacteriocin the culture was grown in 
2.5 1 APT broth for 18 h at 30°C. The culture was was heated at 
70°C for 35 min to inactivate proteases and centrifuged at 10 000 
rpm for 40 min. The supernatant was termed fraction I. Fraction 
I (2.5 1) was loaded onto an amberlite XAD-8 (Pharmacia) 
hydrophobic interaction chromatography column and the column was 
washed with 3 1 of 0.05% trif luoroacetic acid (TFA) , and 2 1 of 
20% ethanol (EtOH) +0.05% TFA. Bacteriocin was eluted with 2 1 
of 4 0% EtOH + 0.05% TFA. The pH of the eluate was adjusted to pH 
5.0 and the eluate was reduced to 47 ml at 37°C in a rotary 
evaporator under vacuum. The resulting fraction (fraction II) 
was pH adjusted (pH 5.0) and loaded loaded onto a carboxymethyl- 
cellulose CM22 (Whatman Biochemicals , Maidstone, Kent, England) 
cation exchange column (34 cm, 1.3 cm I.D.) that was pre- 
equilibrated with 20mM sodium acetate buffer pH 5.0 (SAB). The 
column was washed with 100 ml SAB and 60 ml volumes of SAB with 
40, 80, and 120mM NaCl added. Bacteriocin was eluted with 60 ml 
SAB with 200 mM NaCl added. The bacteriocin containing eluate 
was loaded onto a Sep Pak C18 reverse phase column (Waters) which 
was pre-equilibrated according to manufacturers instructions. 
The column was washed with 20 ml of distilled water and 10 ml of 
40% ethanol. Bacteriocin was eluted with 10 ml of 70% ethanol, 
frozen overnight at -80°C and subsequently freeze dried. The 
freeze dried protein was resuspended in 1.5 ml 0.05% TFA 
(fraction III) and purified using a Beckman System Gold HPLC. 
For HPLC purification 100 ul aliquots were applied to a C 18 
reverse phase column (Waters Deita-Pak; 8x100 mm; 15 urn particle 
size; 300D (30 nm) pore size; flow rate 1.0 ml/min; mobile phase, 
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0.05% TFA [A\ and 95% ethanol in 0.05% TFA [B] ) . Bacteriocin was 
eluted by a gradient method (first 40% to 60% solvent B in 7 rain 
and then 60 to 70% solvent B in 10 min) . Fractions were 
monitored for A 218 and for activity against the indicator strain. 
5 The puritiy of the fraction was determined by tricine gel 
electrophoresis . 

Bacteriocin activity of fractions I, II and III was 
determined by the critical dilution method described in section 
2-1.1, using Lactobacillus sake DSM 20017 as indicator organism. 

10 Protein concentration of these fractions was determined by the 
dye binding method of Bradford (Bradford, 1976) . 
Protein sequencing . Protein sequencing was performed by Edman 
degradation on an automated sequencer. To determine whether the 
structural enterocin gene indeed resides on the chromosome an 

15 oligonucleotide probe based on the first 11 amino acids of 

enterocin 900 was constructed and used to probe chromosomal DNA. 
The probe CF01 consisted of the following 32 nucleotides: GAA AAT 
GAT CAT (C/A)G(T/A) ATG CC(T/A) AAT GAA CT(T/A) AA and had a T M 
of 82°C. Chromosomal DNA was isolated by the methods of Quadri 

20 et al., 1994 and digested with the restriction enzymes EcoRI, 
PstI and Hindi I I before running on a 0.7% agarose gel. DNA was 
transferred to hybond membrane by Southern blotting as described 
in Sambrook et al. 1989. The probe CF01 was end labelled with 
32 P-[Y~ATP] and hybridized to the DNA as described by Sambrook et 

25 al. 1989. The probe hybridized to a 2.2 kbp Hindi I I fragment and 
a 6.5 kbp EcoRI/ PstI fragment. 

The 2.2kbp Hindi I I fragment was cloned into pUC118 
contained in E. coli DH5a and sequenced. The nucleotide sequence 
analysis was performed by sequencing the DNA in both orientations 

30 by dideoxy-chain method of Sanger and associates (1977) . DNA was 
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sequenced by Taq Dye Deoxy Cycle sequencing on an Applied 
Biosystems DNA sequencer (Applied Biosystem, Foster City, 
California) . 

5 Example 8 

A Food-grade Plasmid pCD3 . 4 

Large scale plasmid preparation from C. divergens LV13 
was done as described for C. piscicola LV17A (Worobo et al. r 
1994) . Other DNA manipulations were based on those described by 

10 Sambrook et al. (1989). Pfu DNA polymerase (Stratagene, LaJolla, 
CA) , restriction endonucleases and T4 DNA ligase were obtained 
from Promega (Madison, WI) , Bethesda Research Laboratories 
(Burlington, ON), Boehringer Mannheim (Dorval, PQ) , New England 
Biolabs (Mississauga, ON) and used according to the suppliers' 

15 recommended procedures. Step-wise deletion derivatives for 

sequencing were prepared using the Erase-a-Base® system (Promega) 
and DNA fragment recovery was done using Geneclean II® (Bio 101 
Inc., LaJolla, CA) . Oligonucleotides prepared as sequencing and 
PCR primers were synthesized on an Applied Biosystems (model 391) 

20 PCR Mate synthesizer. Double stranded DNA was sequenced by Tag 
DyeDeoxy Cycle sequencing on an Applied Biosystems (model 373A) 
sequencer. 

The nucleotide sequence is herein referred to as SEQ ID 
NO: 14. From the nucleotide sequence and the restriction maps 

25 (Figure 8) one of ordinary skill in the art can identify a 

variety of suitable locations for inserting other genes without 
undue experimentation. This plasmid can be use to insert genes 
for use in probiotics, meat, milk products, food or food 
products. The bacteriocin Divergicin A was derived from this 

30 plasmid (Worobo et al. 1995) and the signal peptide nucleotide 
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se q UenC e is used in" other sections of this application is 
referred to as SEQ ID NO: 19 and the corresponding amino acid 
sequence is SEQ / ID NO:20. 

5 

Example 9 

Methods for testing organisms for preservation of meat and 
organisms that will preserve meat. 

Bacterial cultures and identification of Lb. sake 1218. The 
10 lactic acid bacteria used in this study are listed in Table 1. 

Lb. sake 1218 is a sulf ide-producing LAB isolated from modified 
; [ i atmosphere packaged pork stored at -1°C (McMullen and Stiles, 
M 1993) . The strain was initially identified by McMullen and Stiles 

3' Hi 

(1993) using standard techniques (Montel et al., 1991; 
W j l5 Schillinger and Liicke, 1987), and its identity was confirmed in 
jhl this study with the following biochemical and cultural tests: 

production of slime from sucrose; ability to grow on acetate agar 
in (Cavett, 1963); reduction of tetrazolium (Wilkinson and Jones, 
*I 1977); final pH in La-broth (Reuter, 1970; Shaw and Harding, 
p 20 1984); presence or absence of meso-diaminopimelic acid (Kandler 
' f * and Weiss, 1986); sugar-fermentation pattern (Shaw and Harding, 
1985) ; and lactic acid isomer determination by an enzymatic-UV 
method (Boehringer Mannheim, 1987). Lb. sake 1218 was tested for 
bacteriocinogenic activity against all of the leuc. gelidum 
25 strains by direct and deferred inhibition tests (Ahn and Stiles, 
1990a; Ahn and Stiles, 1990b) . 

Inhibition of Lb. sake 1218 by Leuc. gelidum str ains in APT 
broth . Growth rates of Leuc. gelidum UAL187 and its variants 
30 were determined in pure culture at 2 and 25 °C in APT broth (Difco 
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Laboratories Inc., Detroit, MI) containing 2% glucose, or in 
modified APT broth (mAPT) made according to Difco (Difco Manual, 
1984/ but containing 0.05 or 0.1% glucose inoculated at 4 . 2 to 
4/3 log CFU/ml. Initial pH of APT broth was adjusted to 5.6 or 
5 6.5. Competitive growth studies of Leuc. gelidum UAL187, UAL187- 
22 or UAL187-13 with Lb. sake 1218 were done in mAPT containing 
0.1% glucose and initial pH adjusted to 5.6. 

Inocula for all experiments were grown in APT broth at 
25°C for 18 h. Cells were washed three times by centrif ugation 
10 at 16, 000 x gr, washed with sterile, 0.1% peptone water and 
resuspended in peptone water at the desired cell density. 

J) SKj, 

% Samples for bacterial enumeration were diluted in 0.1% peptone 
^ water and surface streaked onto M5 agar, consisting of tryptone 
hi (10 g/1), yeast extract (5 g/1) , fructose (2.5 g/1) , KH 2 P0 4 (2.5 

15 g/1), L-cysteine HC1 (0.5 g/1}, MgS0 4 -7H 2 O (0.2 g/1), MnS0 4 *H 2 0 
hi (0.05 g/1), calcium pantothenate (0.01 g/1), agar (20 g/1), Tween 
L 80 (1 ml/1), and bromocresol green ( 0 . 1 g in 30 ml of 0 . 01 N 

I: J 

m NaOH) (20 ml/1) (Zuniga et al., 1993). This medium 

differentiated the heterof ermentative Leuc. gelidum colonies 

p20 (white color) from homof ermentative Lb. sake 1218 colonies (blue 
color) . Representative colonies were checked by their phenotypic 
characteristics to determine the reliability of the 
differentiation (see below). MRS ( Difco) -sorbic acid agar (Anon, 
1987) was used for selective enumeration of Lb. sake 1218. 
25 Plates were incubated at 25 °C for 3 days. pH was determined in 
all samples. Antimicrobial activity of leucocin A in the 
supernatant was assayed by the spot-on-lawn method (Ahn and 
Stiles, 1990a; Ahn and Stiles, 1990b) with Carnobacterium 
divergens LV13 as the indicator strain. All experiments were 
30 done in duplicate. 
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Inoculation of beef samples . Sterile, lean slices of beef 
(surface area 20 cm 2 ) were excised aseptically from normal pH 
longissimus dorsi muscle as described by Greer and Jones, 1991. / 
Beef slices were suspended from sterile clips and immersed for 15 
5 sec in a bacterial suspension containing 10 5 CFU/ml for Leuc. 
gelidum and 10 3 CFU/ml for Lb. sake, and allowed to air dry at 
25°C for 15 min. This gave an inoculum of approximately 10 4 CFU 
cm -2 for Leuc. gelidum and 10 2 CFU cm -2 for Lb. sake. An equal 
number of beef slices was immersed in sterile, 0.1% peptone water 
10 for use as controls. 

Beef storage . Three inoculated beef slices from each sample were 
*'3 placed in sterile Stomacher bags (Seward Medical, U.K.), enclosed 
rfl in gas impermeable foil laminate bags (Printpac-UEB, Auckland, 

H New Zealand) and vacuum packaged using a Captron III Packaging 
iy 

«:i5 System (RMF, Grandview, MO) . Vacuum packaged beef samples were 

* iU stored at 2°C for 8 weeks and samples were removed for analysis 

O after 0, 1, 2, 3, 4, 4.5, 5, 6 and 8 weeks of storage. Three or 

?! four independent trials were done for microbiological content and 

Q sensory analysis of each combination of bacterial inocula, except 

a ;:B a 

^20 for meat inoculated with pure cultures of Leuc. gelidum UAL187, 
UAL187-22 and UAL187-13, for which only one trial was done. 

Bacterial sampling and determination of antimicr obial activity on 
meat . At each sampling time, three beef slices from one package 

25 were homogenized separately in a Colworth Stomacher 400 (Baxter 
Diagnostics Corp., Canlab Division, Edmonton, AB Canada) in 90 ml 
of sterile 0.1% peptone water. Samples were diluted and surface 
plated onto M5 or MRS-sorbic acid agar and incubated at 25°C for 
3 days. The reliability of detection of the Leuconostoc strain 

30 was checked by the ability to produce slime on APT agar 
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containing 2% sucrose. An average of 8 colonies of each of the 
Leuc. gelidum variants was picked from M5 agar plates from meat 
samples /analyzed after 3 or 8 weeks of storage. These colonies 
were grown in APT broth, and examined for purity by carbohydrate 
5 fermentation patterns (Shaw and Harding, 1985), some were also 
examined for plasmid profiles (Ahn and Stiles, 1990b) and for 
bacteriocin production by overlayering with the indicator strain. 
After enumeration, M5 plates were overlayered with soft APT agar 
{0.75% agar) containing 1% of an overnight culture of C. 
10 divergens LV13 or Lb. sake 1218 to determine antimicrobial 
U activity by the deferred inhibition test. 

m Production of leucocin A during growth of the producer 

j f *f strain on beef was determined by a modification of the procedure 
y described by Ruiz-Barba et al, (Ruiz-Barba et al., 1994). One 
: fK :15 beef slice was homogenized in 90 ml of 0.1% peptone water, heated 
f: in a boiling water bath for 15 min, cooled rapidly on ice and 

centrifuged at 8,000 x g for 15 min. Ammonium sulfate (Fisher 
M ! Scientific; Fair Lawn, NJ) was added to 70% saturation, stirred 
p at 4°C overnight and centrifuged at 20,000 x g for 1 h at 0.5°C. 
H ! 20 The precipitate was resuspended in 1.5 ml of sodium phosphate 

buffer (50 mM, pH 7.0) and activity was determined by the spot- 
on-lawn method (Ahn and Stiles, 1990a; Ahn and Stiles, 1990b) 
using C. divergens LV13 as indicator. The presence of 
bacteriocin was confirmed by adding 10 jil of Pronase E (1 nig /ml; 
25 Sigma Chemical Co., St. Louis, MO) to appropriate samples of 
supernatant . 

Sensitivity of Lb. sake 1218 to leucocin A . After 8 weeks of 
storage under vacuum at 2°C, one of the beef slices from each 
inoculum type was homogenized in 90 ml of sterile, 0.1% peptone 
30 water. From each sample, 75 ]il of liquid was withdrawn and mixed 
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with 7.5 ml of M soft" MRS-sorbic acid agar (0.75% agar) and 
plated on MRS-sorbic acid agar (1.5% agar) for selective growth 
of Lb. sake 1218. Supernatants of APT broth cultures of Leuc. / 
gelidum UAL187 or UAL187-13 grown at 25°C for 18 h were adjusted 
5 to pH 6.5 with 1 N NaOH and heated at 65 °C for 30 min. From 
these preparations, 20 \il of appropriate two-fold dilutions was 
spotted onto the Lb. sake 1218 indicator lawns to be tested for 
sensitivity to leucocin A. Plates were incubated anaerobically 
at 25°C overnight and observed for zones of inhibition. 

10 

Sensory assessment of beef samples . Qualitative analysis of odor 
acceptability, based on detection of sulfur odors in vacuum 
packed beef samples, was done as described by McMullen and 
Stiles, 1994. An experienced five-member panel was used. Each 

15 packaged sample containing three slices of beef was filled with 
200 ml helium, and 5 ml of headspace gas was withdrawn for 
sensory analysis through a M sticky nickel" (Mocon Modern Controls 
Inc., Minneapolis, MN) sampling port with a gas tight syringe 
(SGE, Mandel Scientific, Guelph, Ontario) equipped with a button 

20 lock. Acceptability was judged by absence or presence of sulfur 
odor. A sample was deemed spoiled if 50% or more of the 
panelists rejected the sample because of a sulfur odor. 

Characterization and identification of Lb. sake 1218 . The Gram- 
25 positive, rod-shaped, catalase- and oxidase-negative strain 1218 
was classified as Lb. sake based on its following 
characteristics: no gas from glucose; growth on acetate agar; 
degradation of arginine; unable to reduce tetrazolium; absence of 
ineso-diaminopimelic acid in the cell wall; production of D- and 
30 L-lactic acid isomers; final pH < 4.15 in La-broth; and the 
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following carbohydrate fermentation pattern: amygdalin (-) , 
arabinose (+); cellobiose (-) , fructose (+) , glucose ( + ) , inulin 
(-) , inositol (-) , lactose (-) , maltose (-) , mannitol (-), 
mannose ( + ) , melezitose (-) , melibiose ( + ) , raffinose (-) , ribose 
5 ( + ) , salicin (-) and sucrose ( + ) . No acids were produced from 
glycerol or pyruvate. The organism grew in the presence of 6.5% 
NaCl but not at 45°C. Preliminary experiments showed that Lb. 
sake 1218 produced strong sulfurous off odors when inoculated 
onto vacuum packaged beef, but not on beef stored under aerobic 
10 conditions. Lb. sake 1218 was not found to be bacteriocinogenic 
p against any of the Leuc. gelidum variants when tested by deferred 

and spot-on-lawn techniques. M5 agar did not give a reliable 
|;n differentiation between the test strains. More reliable 
J';^ information was obtained from the counts on MRS-sorbic acid agar 

«*15 to enumerate Lb. sake 1218. 

W 

□ Inhibition of Lb. sake 1218 by Leuc. crelidum strains in APT 

ijl broth . At 25°C the three isogenic variants of Leuc. gelidum 

U UAL18 7 had identical doubling times of 3.8 5 h when grown as pure 

O 

1^20 cultures or in combination with Lb. sake 1218. In mAPT with 

initial glucose concentrations of 0.05, 0.1 or 2% or initial pH 
values of 5.6 or 6.5 of the growth medium did not affect the 
growth rate of the Leuc. gelidum variants. At 2°C the initial 
doubling times for Leuc. gelidum UAL187, UAL187-13 and UAL187-22 

25 were similar, averaging 1.75 days; but after four to eight days 
of incubation the doubling time of Leuc. gelidum UAL187-22 
increased to 3.15 days. This change in growth rate could not be 
attributed to glucose concentration or pH of the growth medium or 
whether Leuc. gelidum UAL187-22 was grown as pure culture or 

30 together with Lb. sake 1218. 
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Lb. sake 1218 grown in APT broth in mixed culture with 
Leuc. gelidum UAL187 or UAL187-22 at 25°C was inhibited at the 
time (17 h) that antimicrobial activity was detected in the 
supernatant (Figure 9) . Growth of Lb. sake 1218 resumed after 21 
5 h, coinciding with a decrease in antimicrobial activity, and 
reached a population of approximately 10^ CFU/ml after extended 
incubation of 100 h at 25°C (Figure 9) . Lb. sake 1218 grew 
rapidly in pure culture or in mixed culture with Leuc. gelidum 
UAL187-13 (Figure 9) . Antimicrobial activity was not detected in 
10 these cultures. 

p Growth of Lb. sake 1218 in APT broth at 2°C was inhibited 

V in mixed culture with Leuc. gelidum UAL187 after 8 d of 

CO 

j;0 incubation, coinciding with the time that antimicrobial activity 

H 

was first detected in the supernatant (Figure 10) . The cell 
<.35 density of Lb. sake 1218 decreased to the minimum detection limit 

after 12 d of incubation, but growth resumed after approximately 
O 30 to 35 d of storage (Figure 10) . Lb. sake 1218 grew rapidly at 
l & 2°C in pure culture and in mixed culture with Leuc. gelidum 
^3 UAL187-13 (Figure 10) . Antimicrobial activity was not detected 

in these cultures. Lb. sake 1218 in mixed culture with Leuc. 

gelidum UAL187-22 grew actively for the first 15 d of incubation; 

after which a rapid decline in cell counts of Lb. sake 1218 was 

observed, coinciding with the detection of antimicrobial activity 

(Figure 10) , After 22 days of incubation there was a loss of 
25 antimicrobial activity and Lb. sake 1218 resumed its growth. pH 

did not change more than 0.2 units from the initial value in any 

of the experiments done with mAPT. 

Growth of bacteria and detection of bacteriocin on vacuum 
30 packaged beef . The data shown in Figure 11 illustrate the growth 
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of the three isogenic strains of Leuc. gelidum UAL187 inoculated 
as pure cultures or co-inoculated with Lb. sake 1218 on beef 
stored under vacuum at 2°C. Leuc. gelidum UAL187 and UAL187-13 
again exhibited identical growth rates, while Leuc. gelidum 
5 UAL187-22 grew at a considerably slower rate. Growth and 
survival of Lb. sake 1218 alone or in mixed culture with the 
isogenic variants of Leuc. gelidum is shown in Figure 12. Lb. 
sake 1218 grew rapidly as a pure culture on vacuum packaged beef 
producing a sulfurous odor within three weeks at 2°C. Pronounced 
10 inhibition of Lb. sake 1218 was observed in three out of four 
[% m trials in which Lb. sake 1218 was co-inoculated with Leuc. 
CO gelidum UAL187 on meat. There was a delay of growth for 5 weeks 
j7i with a 4 log lower count of Lb. sake 1218 after 8 weeks of 
v * incubation. In a fourth trial, there was a delay of two weeks 
| r j5 before initiation of growth of Lb. sake 1218 and relatively low 
l~ maximum count of 10 5 to 10 6 log CFU cm~2 was observed. These 
jjn . data were not included in the means calculated for Figure 12. 
IZ Similar growth of Lb. sake 1218 but with approximately one log 
!!3 lower maximum count than in pure culture was observed when Lb. 
20 sake 1218 was co-inoculated with Leuc. gelidum UAL187-13. A 

slight delay in initiation of growth and a reduction of 0.5 to 1 
log units in maximum count was observed when Lb. sake 1218 was 
co-inoculated with Leuc. gelidum UAL187-22. Comparison with pure 
culture studies indicated that growth of Leuc. gelidum UAL187 and 
25 its isogenic variants was not affected by the presence of Lb. 
sake 1218 in any trial. The identity of each variant of Leuc. 
gelidum was confirmed by comparison of plasmid profiles, 
carbohydrate fermentation patterns and slime production of 
colonies isolated after eight weeks of storage from each 
30 experiment. 
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The possibility that Lb. sake 1218 developed resistance 
to leucocin A during the trial with extended growth in the 
presence of Leuc. gelidum UAL187 was tested. Spot-on-lawn tests 
of isolates of Lb. sake 1218 were done after 8 weeks of storage. 
5 Results showed that Lb. sake 1218 was sensitive to 800 AU ml~l in 
heat treated supernatant of Leuc. gelidum UAL187 grown in APT. 
The same sensitivity was observed for isolates of Lb. sake 1218 
grown as pure cultures or in mixed culture with Leuc. gelidum 
UAL187-22 or UAL187-13. Growth of Lb. sake 1218 with extended 
10 incubation was apparently due to loss of activity of leucocin A 
1% rather than development of resistant strains of Lb. sake 1218. 

Antimicrobial activity that was sensitive to pronase E 
jj was demonstrated for extracts prepared from beef samples co- 
inoculated with Leuc. gelidum UAL187 and Lb. sake 1218. The 
flj5 antibacterial activity on the meat persisted from two up to eight 
^ weeks of storage, but the level of activity was near the lowest 
(fl detectable limit and activity could not be detected on all 
*'I samples that were tested. At least half of the trials were 
C3 positive at each sampling time. Antimicrobial activity was also 
'^20 observed on beef co-inoculated with Leuc. gelidum UAL187-22 and 
Lb. sake 1218 after six weeks of storage. No activity was 
observed for beef co-inoculated with Leuc. gelidum UAL187-13 and 
Lb. sake 1218. Leuc. gelidum UAL187 and UAL187-22 retained their 
bacteriocinogenic potential at all storage intervals when tested 
25 for antagonistic activity by the deferred inhibition test. 

Detection of spoilage of beef samples . Leuc. gelidum UAL187 
completely inhibited sulfur-mediated spoilage of beef by Lb. sake 
1218 for up to eight weeks, except in two of four trials, where 
30 spoilage was detected in samples taken at 4.5 weeks but not at 6 
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and 8 weeks of storage at 2°C. Spoilage produced by Lb. sake 
1218 in the presence or absence of leuc. gelidum UAL187-22 or 
UAL187-13 was detected within 3 to 4 . 5 weeks of storage and 
illustrated by arrows in Figure 12, No spoilage was detected in 
5 beef samples inoculated with pure cultures of Leuc. gelidum 

UAL187, UAL187-22 or UAL187-13 and stored for up to eight weeks 
under vacuum at 2°C. 

Preservation of Pork . Application of modified atmosphere 
packaging for retail marketing of pork cuts was studied. 

10 Experiments were designed to determine: (1) effects of storage 
conditions on keeping quality and the prevailing microflora on 
the meat cuts; (2) the potential to access distant markets with 
retail-ready cuts using this technology; and (3) the effect of 
inoculation of retail cuts with selected lactic acid bacteria 

15 (LAB) on keeping quality and the use of headspace gas analysis to 
monitor spoilage. 

To examine the effects of storage conditions pork loin 
cuts prepared with two levels of initial bacterial load were 
packaged in three films of different gas transmission in an 

20 atmosphere containing 40% CO 2 /60% N 2 and stored at -1, 4.4 and 
10°C. Temperature was the overriding factor influencing storage 
life. Spoilage at each storage temperature could be attributed 
to the growth of different groups of bacteria and was influenced 
by package type. Storage life of pork cuts in packages with low 

25 oxygen transmission rates was 5 or 8 weeks at 4.4 or -1°C, 

respectively. Listeriae were detected as part of the prevalent 
microflora on samples stored at -1°C, but not on samples stored 
at 4.4 or 10°C. A total of 162 (30%) of LAB isolated from the 
meat samples produced inhibitory substances against a range of 

30 indicator strains. 
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Samples for studies to simulate storage conditions to 
access distant markets with retail-ready cuts of pork were 
packaged in 100% C0 2 in plastic film with extremely low gas 
transmission and stored at -1.5°C for three weeks. Reference 
5 samples were held at -1.5°C for the duration of the study. After 
transfer of samples to 4 and 7°C, samples remained acceptable for 
retail sale for 2 and 1 weeks, respectively. Appearance of the 
cuts was the main factor limiting storage life; however, 
confinement odor became a potential problem for consumer 
10 acceptance of the product with extended storage. 
P Studies of inoculated retail-ready cuts of pork packaged 

}t in 100% C0 2 and stored at 4°C revealed that the type of 

j= j 3 bacteriocinogenic LAB affected the storage life of the meat. 

iuj 

y Sulphur odors were detected on meats inoculated with 

:"?15 Carnojbacterium piscicola LV17 or Leuconostoc gelidum UAL187 but 

t! not with Lactobacillus sake Lb706 using methods described for 

beef. Detection of sulfur compounds in the headspace gas at the 
}«& time that the sensory panel detected off -odors, indicated that 
J;5 monitoring of these compounds is an objective measure of 
1^20 spoilage. 

The studies demonstrated that there is good potential to 
apply modified atmosphere packaging technology to retail cuts of 
pork. With adequate temperature control, storage life can be 
extended for weeks beyond what is possible with aerobic 
25 packaging. 

Assessment of the spoilage potential of selected strains 
of LAB is imperative before they can be exploited as 
biopreservatives for achieving a predictable storage life of 
retail-ready products. 

30 
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Example 10 

(Method for using bacterocins for treating infections) 

For the treatment' of animal or human diseases, purified 
or partially purified bacteriocins are used for topical 
5 application or internal use. 

The bacterocins are purified or partially purified by a 
variety of methods including, without limitation, the methods 
described herein or those described by Henderson and associates 
(1992); Hechard and associates (1992); Hasting and associates 
10 (1991); Quadri and associates (1993) or Worobo and associates 
(1994) or may be able to be obtained commercially obtained 
commercially (Quest; Flavors & Food Ingredients Co., Rochester, 
NY) . 

The formulations for delivery are similar to other 
15 bacterocins, and one of ordinary skill in the art can determine 
which formulation to use without undue experimentation. The 
concentration of bacterocin required for one of these 
formulations can be determined by comparing units/pg of a known 
bacterocin to the novel bacteriocin. The concentration of the 
20 novel bacteriocin should be set so that the concentration of the 
novel bacteriocin active units/ml is 0.1 to 10 times the activity 
of the control. 



Example 11 

25 Use of organisms containing bacteriocin genes to preserve food. 

To prevent food poisoning, milk products lactobacterium 
containing a Gram-negative bacteriocin (i.e. Colicin V) (these 
organisms could also contain other bacteriocins) can be added to 
the product. For yogurt, 10 8 to 10 9 lactobacillus bacteria are 
30 added to milk. To improve the shelf life of this product (0.01% 
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to 100% of these organisms added could contain the desired 
plasmid) . This same method can be used for protection of cheese 
but the host bacterium and number of organisms incoluated into 
the milk is dependent on the type of cheese, one of ordinary 
5 skill in the art can determine what type of organism to use. 

Example 12 

Treatment of infections or bacteria disorders . 

For intestinal infections such as food poisoning due to 
10 particular organism (E.coli; Salmonella, etc.), an anti-diarrhea 
treatment contains 10 6 to 10 8 harmless organisms (i.e. 



lactobacillus strains) in a buffered solution, suitable to be 
administered orally. The organisms contain a bacteriocin, in a 
food-grade plasmid, thar inhibit the growth of the common 



gram-negative organisms- Colicin V) . These same organisms are 
also added to a buffered ointment suitable for vaginal 
administration. 
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Table 5, Bacteriocin production by Strains of Carnobacterium 



Indicator strains' 







LY17C 






L- Y J. 0 






P Wl Qp 
ts. yy iyc 




MG36e 


RW19e 


JKM14 


Producer strains 














C. piscicola 














LV17C.MG36e 


0 


0 


0 


0 


0 


0 


LV17C RW19e 


30 


0 


30 


0 


0 


0 


LV17C.JKM14 


7 


6 


0 


20 


20 


0 


C diver o ens 














LV13.MG36e 




0 


23 


0 


0 


0 


LV13.RW19e 


26 


0 


29 


0 


0 


0 


LV13JKM14 


24 


6 


24 


19 


19 


0 



12 a zones of inhibition were determined by the deferred antagonism assay and measurements indicate 

I the diameter of the zone of inhibition (cm), 
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